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AHHOTALIUA
Topuak IMOJ3yYUH — CeTeTaJbHbIN COPHSIK, 3aCOPSI-
IOIIWY TIOCEBBI PA3JINUHBIX CEJIbCKOX03IUCTBEHHBIX
kynbTyp (http://www.agroatlas.ru). BkirouyeH B ca-
MBI TTEPBBIY KapaHTUHHBIN epeueHb CCCP B 1938T.
HauboJsee panHue o6HapyXeHUsd B Poccry 13BECTHHI
Ha TeppuTopuu HumxuHe-Boikckoro kpas (Ceperus,
2022). C pa3BUTHEM CeJIbCKOTO X03sgicTBa Ha Cpey-
Hell u HuxHelt Bosnre, CeBepHoM KaBkaze u Ypaie,
YBEJIMYEHNEM JI0JIU ITaXOTHBIX 3€MeJIb, PACIIUPEHU-
eM Tpy30ITI0ToKa U3 cTpaH CpeaHel u LleHTpaabHOU
A3uu ropuak HavaJl IIPOABUTAThCSI HAa HOBBIE TEP-
PUTOPUY B CEBEPHOM M 3aMaJHOM HaITpaBJIEHUIX.
OIHUM U3 MMyTel pacrpoCTpaHeHUsI COPHAKA ObIIN
3aCOpPeHHbIe TTapTUX JIIOLEePHBI CPpeHea3nuaTcKoro
npoucxoxaenusa (Mockajgenko, 2001). C mepBo# mo-
JIOBUHBI XX BeKa Topyak CTAaHOBUTCS OUYTUMOM IIPO-
61eMOii TIpU BeLeHUU CeJIbCKOX035IUCTBEHHOT0 ITPO-
n3BOZACTBA Ha ore Poccuu (MasiblieB, 1932; HUKUTUH,
1983). B cOBETCKU MTEPUO]] IPOBOLUTCS KPYIIHOMAC-
mTrabHasg paboTa 1o UCKOPeHEeHMI0 COPHIKA, KOTopas
B UTOTE He MPUBeJa K PeaJlbHOMY yCIIeXy M3-3a OT-
cyTcTBUS 3P (PEKTUBHBIX XUMUYECKUX CPEJICTB 3a-
UUTHI T0CEBOB. ToTaJbHasd paclallika I[eJIMHHBIX
cTemnel 1 3aCOJIEHHBIX IIOYB B 30HE apUAHOTO 3eMJie-
Jlenvs TIpYBeJia K ele 60JIbleMy Pa3BUTUI0 COPHIKA
B arpoieHosax. K 1967 r. obuias maomuaab 3eMeJb 10,
ropyakoM coctasisia 2,1 miaH ra (Oruer LIKJI MCX
CCCP, 1968). Oco6eHHO TPEBOXKHOE TIOJI0KEHUE CJIO-
JKUJIOCH B BoJIrorpaickoi 061acTy, T/ie IIPaKTUUeCKU
MOJIOBMHA BCEX IMaXOTHBIX 3eMeJjib ObljIa 3acopeHa
ropuyakoM. B HacTosIee BpeMs ropuyak BCTpevaeTcs
Ha Tepputopuu 18 cy6bekToB Poccuiickoit Penepa-
MU Ha obIel miIolany moutu 1,3 MJIH ra. AHaIu3
¢GuTOCAaHUTAPHOTO COCTOSHUS UCCIENYyEeMOUN Tep-
putopuu 3a nmocjenHue 80 JieT mokas3aj CTabUIbHO
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ABSTRACT
Russian knapweed (Acroptilon repens DC.) is a segetal
weed contaminating crops of various agricultural crops
(http://www.agroatlas.ru). Included in the first quaran-
tine list of the USSR in 1938. The earliest detections in
Russia are known on the territory of the Lower Volga
Territory (Seregin, 2022). With the development of ag-
riculture in the Middle and Lower Volga, the North Cau-
casus and the Urals, an increase in the share of arable
land, and the expansion of cargo traffic from the coun-
tries of Central and Central Asia, the Russian knapweed
began to move to new territories in the northern and
western directions. One of the ways of spreading the
weed was contaminated batches of alfalfa of Central
Asian origin (Moskalenko, 2001). Since the first half of
the 20™ century Russian knapweed has become a sig-
nificant problem in agricultural production in southern
Russia (Maltsev, 1932; Nikitin, 1983). During the Soviet
period, large-scale work is carried out to eradicate the
weed, which in the end did not lead to real success due
to the lack of effective chemical means of crop protec-
tion. The total plowing of virgin steppes and saline soils
in the zone of arid agriculture led to an even greater
development of the weed in agrocenoses. By 1967, the
total area of land under Russian knapweed was 2.1 mil-
lion hectares (Report of the Central Committee of the
Ministry of Agriculture of the USSR, 1968). A particu-
larly alarming situation has developed in Volgograd
Oblast, where almost half of all arable land was con-
taminated with Russian knapweed. At present, it oc-
curs on the territory of 18 constituent entities of the
Russian Federation on a total area of almost 1.3 million
hectares. An analysis of the phytosanitary state of the

dutocaHuTapusi. KapaHTUH pacTeHuii 2
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HeraTUBHYIO cuTyanuio. OGHAKO B MTOCIEeAHME TOIbI
OTMEYEHbl BULUMbIE TEHIEHIIUN B CTOPOHY JIMKBU-
AUy CyIeCcTBYIOIIUX OYaroB 1 ynpasgHeHus du-
TOCAHUTAPHBIX 30H B GOJIBIINHCTBE 3apaskeHHbIX UM
peruoHoB (SIkoBiyeBa, 2022).

Knroueswle cnosa. Rhaponticum repens, Acroptilon
repens, Topyak IOJ3yuuii, (GUTOCAHUTAPHBIE MEPHI,
KapaHTUHHBIN 00BEKT.

BBEJIEHUE

opuak mon3yuudt (Rhaponticum repens
(L.) Hidalgo = Acroptilon repens (L.) DC.,
russian knapweed) — KOpPHEOTIIPBICKO-
BBII COPHSIK CpemHea3snaTCKOro IIPo-
WCXOXKIEHUsI, OTHOCAIIUMCA K ceMeli-
CTBY ACTPOBbI€, KOTOPBIH 3a TTOCIefHYIE
150 JieT IJIOTHO OKKYIINPOBAJ CEeJIbCKO-
XO03UCTBEHHbIE Yrofibsg Iora Poccum.
[To cTereHU BPENOHOCHOCTH OH CaMbI¥ 3JIOCTHBIHN
¥ TPYOHOUCKOPEHUMBI CpPeLU KOPHEOTIIPHICKOBBIX
copHsKOB (MasblieB, 1932; HukuTuH, 1983; YeGaHOB-
ckasi, Morwiiok, 2015). Haubojiee TOUHYI0 XapakTe-
PUCTUKY COPHAKY maj akazeMuk AWM. Manbiies: «Hu
OCTpell, HY CBUHOPOM, HU Kalllka M JAPYyTrue He MOTYT
YCTOSATH MPOTUB HACTyILJIeHUsd ropuaka. OH ropaszio
cUJIbHEe JTJake OCOTOB, C KOTOPBIMU CXOJI€H IO TUITY
MOIITHOW M KPEeIKol KOpHEeBOU cucTeMbl. Ho Topuak
PE3KO0 OTJIMUAETCS TeM, UTO OH COBEPILIEHHO He 6OUT-
csl He TOJIbKO YIJIOTHEHUS, HO W 3aCOJIEHUS TIOYBHI,
abCOJIIOTHO 3aCyX0YCTOMYMB».

Bnaromaps cBoell HEBEPOSTHOU yCTOMUYUBOCTHU
OH MOXET OEeCATUJIETUSIMU OCTaBAaTbCSA Ha OLHUX
U TeX XXe 3eMJIIX, He CHM)Kasg YMCJIeHHOCTHU. Takas
JKM3HECTOMKOCTDb PACTEHUS CBsI3aHa C 0COGEHHOCTSI-
MU CTPOEHUS KOPHEBOM CUCTEMBI, IIPEICTABIIAIOIIEH
CUCTEMY BEPTUKAJbHBIX KOPHEBUII, U TOPU3OHTAJIb-
HBIX KOPHeBBIX 1T06eroB. Ha kopHeBUiax GopMupy-
eTcs1 60JIbIII0E YKCJIO CITAIINX TOYEK, U3 KOTOPBIX JIeT-
KO 00pa3yrTcs HOBbIe MOJIO/IbIe T06eru. [10 JaHHbIM
M.C. Packuna (1968), npu cpefHel IIOTHOCTHY 3aC0-
penus 180 mo6eros Ha M? 0611as AJIUHA KOPHEH B CJI0€
nnouBsl 0—-80 c¢m Ha 1 ra paBHa 23 830 kM. OCHOBHa4
Macca KOpHell HaXOAWTCS B OUBe TIIy6uHo 10 40 cM
(puc. 1).

BepTukaibHble KOPHU MOTYT IPOHUKATD Ha TIIy-
6uHy 10 10 M, HaKanJauBas MHYJIVH, M COXPAHSIIOT K13-
HECIT0COOHOCTh 6€3 IMPUTOKA MPOAYKTOB (DOTOCUHTE-
3a B Teuenue 3 jet (Cadpa, 1962; XaumyceHko, 1983).
B pesynbTaTe ropuak criocob6eH BO306HOBIISIThCS Yepe3
HECKOJIBKO JIET, HECMOTPS Ha BUAUMOE OTCYTCTBUE
HaJI3eMHBIX [T0GETOB B Ipexbiayinue roabl (Cynuma,
1959; KapaHTUHHbBIE COPHIKY 1 60pbba c HUMU, 1970).

PacTeHure KpaliHe II0BUTO JIJIS JIOIIA e, B TO Bpe-
MS$ KaK KOPOBBI, OBIIbI ¥ BEPOJIIO/IbI HE TaK CTPALAI0T
Ipu noefanuu ero Tpassl (KoTt, 1953; Maddox et al.,
1985). Y oTpaBJIeHHBIX *KMBOTHBIX CHadaJja IIPOsSB-
JITIOTCS TIPU3HAKU BO30YXAEeHU, KOJWKHY, a Yepes
2—-3 yaca BO3HUKaeET 6ecropslouHoe ABMXKeHUe Tyba-
MU Y yTHETEHHOE COCTOSTHUE. [IpUCYTCTBYE CEMSIHOK
ropyaka B MyKe BbI3bIBaeT ropeub (MiBaHoBa, 1966).
Kaxk cererajbHbIN COPHSIK, TOPUYaK CUJIbHO ITO/IaBJISIET
POCT APYrUX PacTeHUH, BBIZIEJISIS B IOUBY BENIECTBA,

study area over the past 80 years has shown a consis-
tently negative situation. However, in recent years, vi-
sible trends have been noted towards the elimination
of existing outbreaks and the abolition of phytosanitary
zones in most regions infected by it (Yakovleva, 2022).

Key words. Rhaponticum repens, Acroptilon repens,
Russian knapweed, phytosanitary measures, quaran-
tine object.

INTRODUCTION

ussian knapweed (Rhaponticum repens (L.)

Hidalgo = Acroptilon repens (L.) DC., Russian

knapweed) is a root weed of Central Asian

origin, belonging to the Asteraceae fami-

ly, which has densely occupied agricultur-
al land in southern Russia over the past 150 years. Ac-
cording to the degree of harmfulness, it is the most
malicious and difficult to eradicate among root weeds
(Maltsev, 1932; Nikitin, 1983; Chebanovskaya and
Mogilyuk, 2015). The most accurate description of the
weed was given by Academician A.I. Maltsev: “Neither
sedge, nor couch grass, nor the porridge and others
can resist Russian knapweed. It is much stronger even
than sow thistles, with which it is similar in type to a
powerful and strong root system. But Russian knap-
weed differs sharply in that it is not at all afraid of not
only compaction, but also salinization of the soil, it is
absolutely drought-resistant”.

Due to its incredible resilience, it can remain on
the same lands for decades without reducing its num-
bers. Such vitality of the plant is associated with the
structural features of the root system, which is a system
of vertical rhizomes and horizontal root shoots. A large
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Puc. 1. KopHeBas cuctema Fig. 1. Root system
Acroptilon repens (L.) DC. of Acroptilon repens (L.) DC.
(no I. BoicoukoMmy, us kHuru  (according to G. Vysotsky,
A.N. Manbuesa «CopHas from the book of A.I. Maltsev
pactutenbHocTb CCCP». — “Weeds of the USSR”.

M.: Cenbxosrus, 1932) M.: Selkhozgiz, 1932)
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POICTBEHHBIE MTOJMAIIETUIEHY Y OKa3bIBAIOIIE aJI-
JieJoraTuyecKoe IeUCTBYUE, YTO TT03BOJISIET COPHAKY
OBICTPO KOJIOHU3WPOBATh HOBbIE TeppuTopuu (Watson,
1980). B MecTax mpouspacTaHusi OH (POPMUPYET IJI0T-
Hble MOHOZOMMWHAHTHBIE 3aPOCJHU, OIJIeTast KOPHS-
MU IpyTYe pacTeHus, UCCyIIaeT IoYBy. [Ipy CUIbHOM
3acopeHuu ObIJIO 3aperucTpupoBano ot 100 mo 300
no6eros Ha 1 M2 (Watson, 1980).

Fopyak TMOJIBy4UU SBIASETCS KapPaHTUHHBIM
o6bexTOM nysa Azepbaiimkana, Bpasunuu, [py3un,
Erunra, Vizpauns, Mopmanuu, Pecriybimuku MoIoBbI,
Yunm, Kuratickoit HapogHoii Pecriy6nuku, Y36ekuc-
TaHa. BXOOUT B CIIMCKY PETYJIUPYEMBIX UyXKEPOIHBIX
BUIOB cTpaH EBpormeiickoit m Cpeln3eMHOMOPCKOHN
opraHu3al Uy 110 KapaHTWHY U 3allUTe pacTeHUuu
(EOK3P), BKJIIOUEH B HAIIMOHAJBHBINA CIIUCOK UyXKe-
ponubix BumoB dcrtouuu (https:/gd.eppo.int). uTe-
pec K ropuaky MosgBUJICS CHOBA Ha (hOHE BBITIOJTHEHUS
(buTocanuTapHBIX TPEO6OBAHUY CTPAH — UMIIOPTEPOB
POCCUIICKOTO 3epHa M BhIIBJIEHUS CBOOOIHBIX (PUTO-
CAaHUTAPHBIX 30H.

B 0630pe 6b1IM IpoaHaJIM3UPOBAHBI JaHHbBIE
10 paccejieHUI0 Topuaka ¢ cepefunbl XIX Beka 10 Ha-
X gHeU B I0)KHBIX pernoHax Poccuu.

MATEPUAJIBI U METO/IbI

BbLIM M3y4YeHbl OTEUYECTBEHHbBIE (IOPUCTUYECKUE
CBOIKM, GUTOCAHUTAPHBIE CITIPABOYHUKY, OTUETHI 10~
TPAaHUYHBIX TOCUHCIIEKIINH pPa3HbIX JIET, repbapHble
6a3bl JaHHBIX; TPOAHATU3UPOBAHbI PE3YJIBTATHI COB-
CTBEHHBIX [TOJIEBBIX UCCIEIOBAHU.

OB30PHAA NH®OPMAIINA

TaKkCOHOMHMUYECKUII cTaTyC

BriepBbie 3TO pacTeHue onucay Kapu JInHHeH,
KOTOPBIH 13-3a CXOACTBA BHEIITHETO 0GJIMKA OTHEC ETO
K BacuJibKaM, IPUCBOUB Ha3BaHue Centaurea repens L.
(Linnaeus, 1763). B 1838 r. OrocTeH JJeKaHOJIb I1e-
peHec ero B pof, Acroptilon, KOTOPBIY K TOMY MOMEH-
Ty Bbimenus Anekcaunp Aupu l'abpuens ge Kaccuau
(de Candolle, 1837; Cassini, 1827). B majapHeHmeM
Kapa dou l'odman (Hoffman, 1897) usmeHnusn Tak-
COHOMMYECKOE TTOJIOXKEHME 3TOTO POJia, BEPHYB €ro
B cocTaB poza Centaurea S. 1. B KaueCTBE CAMOCTOSTEIb-
Hoi cekuumu. ITetp CumoH [Tajiac onucali ropyak Kak
Centaurea picris o coopam c I[Ipukacnus (Willdenow,
1803). B nepuog ¢ Hauasa XIX mo XX Bek B 60TaHUYEC-
KOU tuTeparype GUrypupyroT pas3jnyHble BAPUAHTHI
B HasBaHuU 3Toro Buzma (Centaurea repens, Centaurea
picris, Serratula picris, Acroptilon picris u ip.), 9TO TOBO-
PUT O HEYCTOMUYUBOCTU TAKCOHOMMYECKOTO CTAaTyCa
nociendero. B XXI Beke BO30OHOBUJIUCH UCCIELOBA-
HUS 110 3TOMY BULY U ObLJIO ITOKa3aHO ero 060Cco0IeH-
HOE ToJIOXKeHUe OT poma Centaurea. IIpoBeleHHBIE
B 2006 T. MOJIEKYISIPHO-(PUIOTEHETUYECKYE UCCTIE-
JI0BaHMS MOATBEPAUIN POACTBEHHOCTD €r0 IIpeJicTa-
BUTeJIel ¢ pomoM Rhaponticum (Hidalgo et al., 2006).
[TosTOMY B COBPEMEHHOU 60TAHUYECKOH JTUTEpaType
TIOSIBUJIACH CJIeyIolas KoMouHaus: Rhaponticum re-
pens (L.) Hidalgo. Psay ucciemoBaTeeii, IpoBens HO-
MEHKJIATYPHYI0 PEBU3UI0, CYUTAT IIPUOPUTETHBIM
B OTHOILIIEHUY 3TOT0 TaKCOHA KOM6GUHaNuio Leuzea re-
pens (L.) D.J.N. Hind (Hind, 2019). OnHaKo COBpeEMEH-
HbIE TIPE/ICTAaBIEeHUS O TAKCOHOMUY ¥ HOMEHKJIAType
BU/JIa BCE )K€ ellle He YKPETIUINCh B IOCTAaTOUHOMN Mepe
¥ TIOJIHOCTHIO HEe 3aMeHWJIV ITPUBBIYHOE Ha3BaHMe
Acroptilon repens (L.) DC. (puc. 2).

number of dormant buds are formed on the rhizomes,
from which new young shoots are easily formed. Ac-
cording to M.S. Raskin (1968), with an average weed
density of 180 shoots per m?, the total length of roots
in a soil layer of 0-80 cm per 1 ha is 23,830 km. The
bulk of the roots are in the soil up to 40 cm deep (Fig. 1).

Vertical roots can penetrate to a depth of up to
10 m, accumulating inulin, and remain viable without
the influx of photosynthesis products for 3 years (Safra,
1962; Khandusenko, 1983). As a result, Russian knap-
weed is able to regenerate after several years, despite
the apparent absence of above-ground shoots in previ-
ous years (Sulima, 1959; Quarantine weeds and their
control, 1970).

The plant is extremely poisonous to horses, while
cows, sheep and camels are less affected by eating
its grass (Kott, 1953; Maddox et al., 1985). Poisoned
animals first show signs of agitation, colic, and after
2-3 hours there is a disorderly movement of the lips
and a depressed state. The presence of Russian knap-
weed seeds in flour causes bitterness (Ivanova, 1966).
As a segetal weed, Russian knapweed strongly inhibits
the growth of other plants, releasing into the soil sub-
stances related to polyacetylene and having an allelo-
pathic effect, which allows the weed to quickly colonize
new territories (Watson, 1980). In places of growth, it
forms dense monodominant thickets, braiding other
plants with roots, and dries up the soil. With severe
contamination, from 100 to 300 shoots were recorded
per 1 m? (Watson, 1980).

Russian knapweed is a quarantine object for Azer-
baijan, Brazil, Georgia, Egypt, Israel, Jordan, Republic
of Moldova, Chile, People’s Republic of China, Uzbeki-
stan. Included in the lists of regulated alien species of

Puc. 2. UpeTtywee
pacTeHue ropyaka

Fig. 2. A flowering Russian
knapweed plant
nonsyuyero (poto aBTopoB)  (photo by the authors)

dutocaHuTapusi. KapaHTUH pacTeHuii 4
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the countries of the European and Medi-

terranean Plant Protection Organization
(EPPO), included in the national list of
alien species of Estonia (https://gd.eppo.
int). Interest in Russian knapweed ap-
peared again against the background of
the fulfillment of the phytosanitary re-
quirements of the countries importing
Russian grain and the identification of
free phytosanitary zones.

The review analyzed data on the
settlement of Russian knapweed from
the middle of the 19™ century to the
present day in the southern regions of
Russia.

MATERIALS AND METHODS

Thre were studied Russian floristic re-
ports, phytosanitary reference books,
reports of border state inspections of

different years, herbarium databas-

Puc. 3. PacnpocTpaHeHue ropyaka
nonsyyero B Mupe B 1985 .
(Maddox D., Mayfield A. & Poritz N.,

Fig. 3. Distribution of Russian
knapweed in the world in 1985
(Maddox D., Mayfield A. & Poritz N.,

es were studied; the results of our own
field research were analyzed.

OVERVIEW

1985. Distribution of Yellow Starthistle  1985. Distribution of Yellow Starthistle

(Centaurea solstitialis) and Russian
Knapweed (Centaurea repens). —
Weed Sci., 33 (3): 315-327)

HcTopus paccejieHUsI COPHIKa

Topyak moOJI3yuYui — eBpasuiCKUM IMyCTHIHHO-
CTENHOMN BUJ CPelHea3naTCKOr0 MPOUCXOXKIEeHUS
(TTpoTomomnoBa, 1991). ApeaJ BUa IIPOCTHUPAETCSI
oT MaJjoi A3uu 1o peruoHnam lLlenTpanbHol EBpa-
3uM 10 JI)KyHrapcKo¥ paBHUHBI. HauboJibiiee pac-
IpocTpaHeHue oTMedaeTcsa B Typuuu, KazaxcraHe,
Kuprusum, TypkmeHuu, Y36ekucTane, Vipane, Mpake,
Adranucrane u 3anmagaom Kurtae (Holm et al., 1991;
USDA-ARS, 2003). Ha 3TOM IPOCTPAHCTBE COPHIK
BCTPEeYaeTcs KaK B eCTECTBEHHBIX IIeHO03aX (Ha HU3-
KMX COJIOHIIEBATO-TJIMHUCTBIX MECTaX, B COJIOHYAKO-
BBIX CTEIAX, BOJIU3Y BOJIOEMOB), TaK 1 B HAPYIIEHHBIX
MecTooOUTaHUAX (Ha [IoceBax, ITacTOMIIAX, B cajax,
BUHOTpPAaJHUKAX, Ha 0o60ounHax mopor). B EBpome
3a IpezenaMu Poccuu ropuak BCTpedaeTcs KpaliHe
penko Ha TeppuTopuu 'epManuu u [1oJabliy, 3HAUN-
TeJIbHBIE MJIONLAIYM OH 3aHUMAeT B F0XKHBIX PErMoHax
YKpauHHIL.

Ha teppuropuio CeBepHO AMEPUKY TOPYAK I10-
r1aJi IPeAIloJIOKUTEJIbHO B Havasie 1890-X rofioB ¢ ce-
MeHaMU JlepHbl u3 TypKecTaHa, 4TO, BEPOSTHO,
MIOBJIMSIJIO HA MECTHOe Ha3BaHUeE PACTEHUS — russian
knapweed, nnu «pycckuit Bacuisek» (https:/www.cabi.
org/cpc). COpHSK cTajJ 6BICTPO PACHPOCTPaHSITHCS
I10 3ammafHbIM patioHaM CIIA 1 IIeHTpaJIbHbIM YaCTIM
KaHa/ibl, 4TO BBI3BAJIO CEPBE3HYI0 YTPO3Y 3€MJIEIETI U0
U CKOTOBOACTBY 3Tux 3eMeiib (Reed, 1977; Maddox
et al., 1985; Moore, 1972; Frankton, Mulligan, 1993;
Quattrocchi, 2000; USDA, 2015). B Hauajse XX Beka
ropyak BHOBBb NPOHUK B EBpPOIy — mMO-BUAUMOMY,
C aMepUKAHCKUM 3€PHOM B COCTaBe ITapTUY XJIEOHBIX
3JIaKOB.

B HacToslee BpeMs BUJ, 3apeTrUCTPUPOBaH
Ha TePPUTOPUM CIeLyIUUX cTpaH: AdraHucraHa,
Apmenunu, Kutas (BocTouHas yacTh), [pysuu (ceBep-
Hag yacThb), MHauu, Mpaka, Mipana, Kazaxcrana, Kup-
rusuu, Mourosnuu, Cupuu, Tagxukucrana, Typuuu,

(Centaurea solstitialis) and Russian
Knapweed (Centaurea repens).
Weed Sci., 33 (3): 315-327)

Taxonomy

For the first time, this plant was de-
scribed by Carl Linnaeus, who, due to
the similarity in appearance, attributed
it to cornflowers, giving it the name Centaurea repens L.
(Linnaeus, 1763). In 1838, Augustin Decandol trans-
ferred it to the genus Acroptilon, which by that time had
been singled out by Alexandre Henri Gabriel de Cassini
(de Candolle, 1837; Cassini, 1827). Later, Karl von Hoff-
man (Hoffman, 1897) changed the taxonomic position
of this genus, returning it to the genus Centaurea s. 1. an
independent section. Peter Simon Pallas described Rus-
sian knapweed as Centaurea picris based on collections
from the Caspian Sea (Willdenow, 1803). In the period
from the beginning of the 19" to the 20™ century, various
options appear in the name of this species in the botani-
cal literature (Centaurea repens, Centaurea picris, Serratula
picris, Acroptilon picris, etc.), which indicates the instabi-
lity of the taxonomic status of the latter. In the 215 cen-
tury, research on this species was resumed and its iso-
lated position from the genus Centaurea was shown.
Molecular phylogenetic studies conducted in 2006 con-
firmed the relationship of its representatives with the
genus Rhaponticum (Hidalgo et al., 2006). Therefore,
the following combination appeared in modern botani-
cal literature: Rhaponticum repens (L.) Hidalgo. Some re-
searchers, having carried out a nomenclatural revision,
consider the combination Leuzea repens (L.) D.J.N. Hind
(Hind, 2019). However, modern ideas about the taxono-
my and nomenclature of the species have not yet been
sufficiently strengthened and have not completely re-
placed the usual name Acroptilon repens (L.) DC. (Fig. 2).

Weed spreading history

Russian knapweed is Eurasian desert-steppe spe-
cies of Central Asian origin (Protopopova, 1991). The
range of the species extends from Asia Minor through

Hos6pb N2 4 (12) 2022 5



APEAJNIbI KBO AREAS OF QUARANTINE PESTS

TypkMenuu, Y3bekucraHna, KaHazpl (B OCHOBHOM
9TO MpOoBUHIIUY AnbbepTa, MaHuToba, CackaueBaH,
Bpurauckas Kosym6usi, OHTapuo), ApreHTUHbI, Tpu-
Hupmana, ABcrpanuu, H0xHo-AdbpuKaHckol Pecry6-
auku, B 21 mrarte CIIA (https:/www.gbif.org/spe-
cies/3142214) (puc. 3).

JlocToBepHBIe fOKAa3aTeIbCTBA IPUCYTCTBUSI I'OP-
Yaka Ha TeppuUTOpuu PocCUICKON MMITEPUY JAal0T HaM
c6opsl, xpaHgmuecs B l'epbapuu MT'Y. CoxpaHUJINCh
06pasipl ¢ TeppuTopuu HuxkHe-BoOJKCKOTO Kpas,
natupyeMble 1817 1. Tlo3xe B Tpyne «Pjopa cpen-
Hell u wxHOU Poccuu, Kpeima u CeBepHoro KaBka-
3a» (1897) U. llIManbray3eH yKa3bIBaj 3TOT BUJ, B IITU-
pokoM reorpadguyeckoM oxBaTe — XepcCoH, CapemnrTa
(upiHe O6aM3 I. Bosrorpaza), AcTpaxaHb, YPalbCK,
Kpeim (Cymaxk, ®eomocus), KaBkas (CTaBpoIoiIbe Ipu
peke Kyme), JarectaH, 3aKaBKa3be — KaK pacTeHuUe,
3acesglee COJIOHYaKOBbIE CTEIIN U XOJIMEI I0I'0-BOC-
ToKa Poccun.

B 5-M usganuu «®aopsl cpenHeit Poccun» (Maes-
ckuii, 1917) BUJ IPUBOAUICS UCKIIOUUTEIHHO II0 CO-
JoH4yakaM CapaToBCKOro ye3[ia; a Bo «dJiope 10ro-Boc-
TOKa...» (1936) OH yKasbIBaJCs IO COJIOHYAKOBBIM
JIyraM, Ha COJIOHIIEBAThIX 3aJIe)KaX, a TaKXKe B II0CeBaX
Kak copHoe pacTeHue: 1y CapaTosa, Eprexed, Ypaib-
cka u OpeH6ypra.

B 1932 r.ropuak 4acTo yIIOMUHAJICS B arPOHOMU-
YeCKOU JIMTepaType Kak 3aCOPUTEIIb TTOCEBOB 3JIaKOB
IJi TeppUuTOopuu YKpauHsl, Kpeima, HuxHe-BoskcKo-
ro u CeBepo-KaBkasckoro Kpaes, Jlarectana (JIeHb-
KOB, 1932). HecMOTps Ha IIpeAIIpUHIMAaeMble MePhI
60pPbOBI, €ro IO TOCTENEHHO YBEIUYNBAJICh.
K 1936 1. ceBepHad rpaHulia ero pacpocTpaHeHUd
npoxopuia oT XepcoHa Ha JlHenpoIieTpPOBCK — Ma-
puynoiab — HoBouepkacck — CtajnuHrpaz — CapaToB —
[TyraueB u fajiee Ha BOCTOK J0 Ypajibcka — OpeHOyP-
ra, a Tak)Xe I10 CeBepo-3arafHol yacTu KazaxcraHa
o VpTeiira (Manblies, 1937; Copubie pactenust CCCP,
1935) (puc. 4).

B 1938 r. ropuak GBI BKJIIOUEH B CAMbIN IIEPBBIN
KapaHTUHHBIY nepeueHb CCCP u mpu3HaH KpaliHe
BPEeNOHOCHBIM pacTeHueM, Hapsamy ¢ aMbpo3uel mo-
JILIHHOJIMCTHOM ¥ ITOBUJIMKOM IToJieBo¥ (AGpaMoBa
u 1p., 2020). ATPOHOMBI OTMEeYaJH, YTO ropUaK 3acopsi-
€T BCe 3JIaKOBble U TEXHUYECKUE KYJIbTYPbI, IIPOIIall-
Hble KyJIbTyPBbI, CaZbl, BUHOTPAJHUKHA.

He cTouTh 3a6bIBaTh, YTO IPUBHECEHUIO Uy)KEPOJ -
HBIX BUJIOB TaK)Xe CII0COOCTBOBAJIM BOEHHbIE JeCTBUS
B pasHble ITepuobl XX BeKa U KpymHoMaciITabHbIe
MEXKOHTHUHEHTAJbHbIE IEPe6POCKY ITPOOBOJIbCTBEH-
HBIX TPY30B MeXIy pasHbiMu rocymapcrsamu (KoTr,
1953). ITocoe okoHuaHusg Benukoir OTeueCTBEeHHOHU
BOWHBI TOPUYAK MEPUOMUECKU 06HAPYKUBAJICSA B CO-
CTaBe 3aBO3VMBIX U3 IPYTUX CTPaH IMapTUil CEMEHHOTO
U TIPOZ0OBOJIbCTBEHHOTO MaTepHaJioB, HAIIPaBJIIeMbIX
B KauecTBe 'YMaHUTapPHBIX I'PY30B.

PacrpocTpaHeHUI0 COPHSAKA TakXKe 6JIaroTpusT-
CTBOBAJIO TIepeMellleHre TTapTUil 3epHa MeX/y poc-
CUUCKMMU PeTMOHaMU. VI3BECTHO, UTO CEMSIHKU I'op-
yaka CTaHOBATCA IIPAKTUYECKU 3PEJIbIMU K IIEPUOLY
yOOPKY 03UMBIX 3€PHOBBIX KYJIBTYD (TIepBast IIOJIOBUHA
uroJist). [103TOMY TapTUU MPOJLOBOJIBCTBEHHOTO U (Y-
PaXXHOTO 3epHa SIBJSIOTCS OJJHUM U3 TJIaBHBIX NyTel
€T0 pacIpoCTpPaHeHN .

BuTore Kk 1967 I. Ha TEPPUTOPUY F'OCYAAPCTB ObIB-
uero CoBerckoro Cor3sa ropyak 3aHUMAJ IJIOLALb
2,1 MutH Ta, 60JIbIIAs YaCTh KOTOPOU MCII0JIb30BaJIach

the regions of Central Eurasia to the Dzungarian Plain.
The greatest distribution is noted in Turkey, Kazakh-
stan, Kyrgyzstan, Turkmenistan, Uzbekistan, Iran, Iraq,
Afghanistan and Western China (Holm et al., 1991;
USDA-ARS, 2003). In this space, the weed occurs both
in natural cenoses (in low saline-clay places, in saline
steppes, near water bodies), and in disturbed habitats
(on crops, pastures, in gardens, vineyards, on road-
sides). In Europe, outside of Russia, Russian knapweed
is extremely rare in Germany and Poland; it occupies
significant areas in the southern regions of Ukraine.

It supposedly came to the territory of North Ameri-
ca in the early 1890s with alfalfa seeds from Turkestan,
which probably influenced the local name of the plant —
Russian knapweed (https:/www.cabi.org/cpc). The weed
began to spread rapidly throughout the western regions
of the United States and the central parts of Canada,
which caused a serious threat to agriculture and pasto-
ralism in these lands (Reed, 1977; Maddox et al., 1985;
Moore, 1972; Frankton and Mulligan, 1993; Quattrocchi,
2000; USDA, 2015). At the beginning of the 20 century,
Russian knapweed re-entered Europe, apparently with
American grain as part of cereal shipments.

Currently, the species has been registered in the
following countries: Afghanistan, Armenia, China (east-
ern part), Georgia (northern part), India, Iraq, Iran,
Kazakhstan, Kyrgyzstan, Mongolia, Syria, Tajikistan,
Turkey, Turkmenistan, Uzbekistan, Canada (these are
mainly the provinces of Alberta, Manitoba, Saskatche-
wan, British Columbia, Ontario), Argentina, Trinidad,
Australia, South Africa, in 21 US states (https:/www.
ghif.org/species/3142214) (Fig. 3).

Reliable evidence of the presence of Russian knap-
weed on the territory of the Russian Empire is given to
us by collections stored in the Herbarium of Moscow
State University. Samples from the territory of the Low-
er Volga Territory, dating back to 1817, have been pre-
served. Later, in the work “Flora of Central and South-
ern Russia, the Crimea and the North Caucasus” (1897),
I. Schmalhausen indicated this species in a wide geo-
graphical scope — Kherson, Sarepta (now near the city
of Volgograd), Astrakhan, Uralsk, Crimea (Sudak, Feo-
dosia), Caucasus (Stavropol region near the Kum River),
Dagestan, Transcaucasia — as a plant that inhabits the
solonchak steppes and hills of southeast Russia.

In the 5™ edition of “Flora of Central Russia”
(Maevsky, 1917), the species was cited exclusively from
the solonchaks of the Saratov district; and in the “Flo-
ra of the South-East...” (1936) it was indicated in saline
meadows, on solonetsous deposits, as well as in crops as
a weed plant: for Saratov, Ergeni, Uralsk and Orenburg.

In 1932, Russian knapweed was often mentioned
in agronomic literature as a weed of cereal crops for the
territory of Ukraine, Crimea, the Lower Volga and North
Caucasian regions, and Dagestan (Lenkov, 1932). De-
spite the measures taken to control, its area gradually
increased. By 1936, the northern border of its distribu-
tion ran from Kherson to Dnepropetrovsk — Mariupol —
Novocherkassk — Stalingrad — Saratov — Pugachev and
further east to Uralsk — Orenburg and along the north-
western part of Kazakhstan to the Irtysh (Maltsev, 1937;
Weeds of the USSR, 1935) (Fig. 4).
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KaK IalrH4. B pse pernoHOB IPOBOAUIU YCUIEHHYIO
60pb0OY C 3TUM COPHSIKOM, UCIIOJIb30BaJU IIpermapa-
ThI HA OCHOBE TPUXJIOPOEHBOUHOM KUCIOTHI («2-Kd»,
«Tpucben-200»). Ho, HecMOTps Ha HNpealIpUHUMAae-
MbIe KOJIOCCaJIbHbIE yCuINs, 3(P(PEeKTUBHOCTD 3TUX MEP
OblLJIa HETOCTATOUHOM.

[IpociefuM cUTyal U0 MO OTHEJbHBIM DEruo-
HaM CTPaHBbI.

KpsiM. l'opuak 6bl1 u3BecTeH B KpbIMy elie
€O BpeMeH PoccUCKOlM MMIIEPUH, BEPOSITHO, Ha pybe-
ske XVIII-XIX BEKOB, 0 UeM CBUETEJbCTBYIOT Tepbap-
HbIe cboprl M.M. nbuHa, ®.U. BepToabau, XpaHsIIye-
ca B 'epbapuu MI'Y (Ceperus, 2022). ®.K. BubepiuTeitt
ykKasbiBaJl ero Ajg Kpeima u KaBkasa 1o mycrouiam
U peXke Ha «OKYJIbTYPEHHBIX 3eMJIsIX», OTMeuasi, YTO
HaceJIeHHEe NCIIOJIb30BAJIO €ro TPaBy IIPOTUB JIUX0-
panku (Bieberstein, 1819). W.W. [liMayibray3eH TakKe
npuBonui ero Bo «djope cpenHeil U 10xHOU Poccun,
Kprima u CeBepHoro Kaskasa» piga Cynaka u deozo-
CUU Ha COJIOHYAKOBBIX cTengax (1897).

Ha nipoTsxenun Bcero XIX Beka 60TaHUKY, ITOCe-
tuBuIre KpeiM, obpairany BHUMaHYe Ha TrOpYakK, Moz -
TBEPIXKJIasl CBOM HaxoJKu obpasiiaMu. ViccaenoBaTesb
taopsl Kpeima B.U. TanueB, aHaIU3UPys «IPUILITYI0
topy» KpeiMa, BbICKA3bIBAJ MBICJIb O TECHOU CBSI3U
MeX/Jly cCOCTaBOM (DJIOPBI U UCTOPUUYECKOU KUBHBIO
o6IecTBa, IoAUepKUBas, YTO 3HAUNUTEIbHOE YUCJIIO
KPBIMCKUX BUI0B MOTJIO OBITh IPUBHECEHO HA TIOJY-
0oCTpOB B GoJiee panHue smoxu (Tamues, 1900). OH onu-
ChIBAJI TOpUaK Ha MeCTOOOUTAHMIX, OIU3KUX K MOPIO,
Ha HU3KUX COJIOHIIEBATO-TJIIMHUCTHIX X0JIMaX, IIe CO-
6upaeTcs HacTodILas COJIOHYaKoBas ¢Jopa.

OnuuM U3 60Jiee MO3AHUX MyTel MPOHUKHOBEHNUS
BuIAa B KpbIM MOT GBITH 3aBO3 CEMSTH JIFOI[EPHBI, KOTO-
pyto ¢ 1830 r. Hayaau aKTUBHO BO3/eJIbIBaTh B YCJIOBU-
X 3aCYLILJINBOTO CTEITHOTO 3eMJIeZleJiNs TOJIyOCTPOBA.
3aCcOpeHHOCTh JIIOLePHBI CeMeHaMUu CODHSIKOB
B TO BpeMs ObLIa OUEBUIHOMN, a 3 PHOOUNCTUTENbHOMN

. A S
T -

.

? . ! - / !' ‘... o /

Puc. 4. PacnpocTpaHeHue

(OnpepenuTenb KapaHTUHHBIX
COpHSAKOB, 1936) 1936)

Fig. 4. Distribution of Russian
ropuaka nonsy4vero B CCCP B 1936 r. knapweed in the USSR in 1936

(Key to quarantine weeds,

In 1938, Russian knapweed was included in the
very first quarantine list of the USSR and recognized
as an extremely harmful plant, along with ragweed and
field dodder (Abramova et al., 2020). Agronomists not-
ed that Russian knapweed infests all cereal and indus-
trial crops, tilled crops, orchards, vineyards.

It should be borne in mind that in different peri-
ods of the 20" century and large-scale intercontinen-
tal transfers of food cargo between different states also
contributed to the introduction of alien species (Kott,
1953). After the end of the Great Patriotic War, Russian
knapweed was periodically detected in the composition
of consignments of seed and food materials imported
from other countries, sent as humanitarian cargo.

The spread of the weed was also favored by the
movement of consignments of grain between Russian
regions. It is known that achenes of Russian knapweed
become practically mature by the time of harvesting
winter grain crops (the first half of July). Therefore,
batches of food and feed grains are one of the main
pathways.

As aresult, by 1967, on the territory of the states of
the former Soviet Union, Russian knapweed occupied
an area of 2.1 million hectares, most of which was used
as arable land. In some regions, an intensive control of
this weed was carried out, preparations based on tri-
chlorobenzoic acid (2-KF, Trisben-200) were used. But,
despite the colossal efforts made, the effectiveness of
these measures was insufficient.

Let’s track the situation in individual regions of
the country.

Crimea. Russian knapweed has been known in the
Crimea since the time of the Russian Empire, proba-
bly at the turn of the 18"-19" centuries, as evidenced
by the herbarium collections of M.M. Ilyin, F.I. Berthol-
di stored in the Herbarium of Moscow State Universi-
ty (Seregin, 2022). F.K. Bieberstein indicated it for the
Crimea and the Caucasus in the wastelands and less

often in “cultivated lands”, noting that

the population used its herb against

fever (Bieberstein, 1819). I.I. Schmal-

hausen also cited it in the “Flora of

' Central and Southern Russia, the

Crimea and the North Caucasus” for

Sudak and Feodosia on the solonchak
steppes (1897).

Throughout the 19™ century, bo-
tanists who visited the Crimea paid
attention to Russian knapweed, con-
firming their detections with samples.
Crimean flora researcher V.I. Taliev,
analyzing the “alien flora” of the
Crimea, expressed the idea of a close
relationship between the composi-
tion of the flora and the historical life
of society, emphasizing that a signifi-
cant number of Crimean species could
have been introduced to the peninsu-
la in earlier eras (Taliev, 1900). He de-
scribed Russian knapweed in habitats
close to the sea, on low saline-clay hills,
where real solonchak flora gathers.
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TeXHUKU SBHO He xBaTajo (Bpoysep, llItenun, 2010).
Cyzns mo arpapHbIM JOKYMEHTAaM, B JOPEBOJIIOIIIOHHOE
BPEMS rOpYaK HevacTo BCTpeyasicd Ha nojagax Kpeima.
Haumnag ¢ 1930-x I'T. ropyak cTaj IIPOSBILITh cebs
KaK CereTaJibHbIM COPHSIK, 3aCOPSS IT0JI 3€PHOBBIX
U IIPOMAIIHBIX KyIbTyp. IIpobieMy ycyry6iisiio Kpau-
He HU3KOe MIpeicTaBlieHye 0 OMOJIOTHY COPHAKA U He-
noctaTouyHasd 3Q(PEeKTUBHOCTh XUMUYECKUX METOL OB
3alIUThI PACTEHUI TOTO BpEeMeHU.

T'ombl HEMEIKO-(haIMMCTCKON OKKYIIAllUYU CUJIb-
HO OTPa3MJIMCh Ha CeJIbCKOM X035 cTBe KpbIiMa: ero
TIpoM3BOJACTBeHHAs 6a3a oKasaJjiach MOJJOPBAHHOMU,
€ceBOO6GOPOTHI — HAPYIIEHHBIMU, I10JISI — 3aCOPEHHBIMU
3JIOCTHBIMU COpHAKaMu. 1o naHHBIM BhIfiprHa, exe-
TOIHBIN HeJ060Op ypoXKasg 03UMBIX KyJAbTyp B KpeIiMy
cocTaBysst 4-5 MJH mynoB 3epHa (Fopuak u 60pnsba
¢ HuUM, 1972). Vccnenys MPUYNHBI PE3KOTO CHUKE-
HU4 ypoXkas, a mofguac u rubeyii IoCeBOB, MHOTHE
00'BSICHSAIN 3TO NMPUCYTCTBUEM ropyaka. K 1969 r.
LIMPOKOE PacIpoCTPaHEeHME ropyaka mo rmojayocTpo-
BY €OUHOTJIACHO OTMevau 60TaHUKU U arPOHOMBI
(Bymbd, 1969).

TTo maHHBIM [TOTPAaHUYHOM T'OCUHCTIEKITUY 110 Ka-
PaHTUHY pacTeHUN MUHUCTEPCTBA CEIHCKOT0 X031 -
ctBa CCCP 3a 1968 r., ropuak GbLJI pacopoCTpaHeH
ye B 14 patioHax, 5 ropojax, 224 xo3saucTBax KpbiM-
ckoy objyacTu. ObIag IJolahb odyaroB COCTaBUJIa
102 562,6 ra. HaubGoJblilee 3acopeHue HabII0IaI0Ch
B CEBEPHBIX, BOCTOYHBIX X OTYACTU FOr0-BOCTOUYHBIX
4acTdx peruoHa.

Hauunnas ¢ 1968 u 1o 1980 1. Besiach UHTEHCUB-
Has 6opbba Cc TOPUAKOM, YTO CIIOCOGCTBOBAJIO CHU-
JKEHUIO IIJIOMAIY 3acopeHusd. Yoxe K 1980 r. miomaab
TI0J, TOPYaKOM COCTaBJsyia 69 683 ra (13 HUX ITall-
Hg — 58 939 ra, BeIrOH — 7 921,8 ra, BUHOTPaJHUKHU —
744,6 ra, cagbl — 244,6 ra, BAOJb Aopor — 856,6 ra, JInd-
HbIe X03satcTBa — 333 ra). 3a mepuog c 1999 mo 2014 1.
CUTyallus CTabMIN3MPOBAJaCh, IIJIOMIAAb IPAKTUYUE-
cKM He TToMeHsutach (0630p pacapocTpanenus, 1999).
C 2015 1. IO>)KHBIM MeXXpervoHalbHbIM yIIpaBIeHUEM
Poccenbxo3Ha30pa MPOBOAUTCS IEPECMOTP TIJIOIILA-
Ileli 3eMeJib, 3aCOPEHHBIX TOPYaKoM B KpbIMy.

CoBpeMeHHbIe HO0TaHWYECKHE KCCIIELOBaHUSI
10 M3y4YEeHUI0 aJIBEHTUBHOU (pakiuu GJopbl KpbiM-
CKOT'0 TI0JIyOCTPOBA [10KAa3bIBAIT, YTO €€ COCTaB Cy-
LIIeCTBEHHO MEHSJICS BO BpeMeHU BCJIEeICTBYE ITIOCTO-
STHHOTO 3aHOCA HOBBIX BUJIOB pacTeHUU. IIpu 3TOM
ropyak paccMaTpuBaeTcs Kak apxeouT, 6bLJI 3aHeCceH
o HavaJia XIX Beka, T. e. 10 ITIEPBbIX (PIOPUCTUUECKUX
CBOJIOK T10 BTOM TeppuTtopuu (Barpukosa, 2013a; Ba-
rpukoBa, 2013b).

Cpenuee u HuxxHee IToBoJKbe. Ha IIpOTS)KeHU U
MHOTHYX BEKOB I0)KHbIE U IOr0-BOCTOUYHbBIE TEPPUTOPUN
Poccum (OKpavHHbBIE 3eMJIN) CJIYXKUJIM 30HOM KOYEBO-
T0 U OJYyKOUYEBOT'0 CKOTOBOZACTBA. JTU 3€MJIM Hace-
JISIV Pa3jIndHble HAPObI U TJIeMeHa, OCTaBJISASA CBOMU
COLIMOKYJIbTYPHBIN CJIe[l U HETIOBTOPUMbIE TPALUILIUU
BelleHUs X03IiCTBOBaHMs. BoraTelinas Ipupoa 3To-
ro Kpasd IpuBJeKajla BHUMaHWe MHOTOUYUCIEHHBIX
€CTeCTBOMCIbITATENEeN.

C Hauagsa XVIII Beka yka3aHHbIe TePPUTOPUY aK-
TUBHO ITOCEIATCI 60TaHUKAMU B X0/l 3HAMEHUTBIX
akagemMuueckux skcraepuiinii (I1.C. [Tammaca, C.I. 'me-
JguHa, U.A. TunbaenmrenTa, V.1, Jlenexuna u gp.) (Cbl-
TuH, 2019).

B paboTe HeMeIKOTO XMMWUKA U OGOTaHUKA
Kapsa Kmayca Flora der Wolgagegenden (1851),

One of the later pathways of the species into the
Crimea could be the importation of seeds of alfalfa,
which began to be actively cultivated in 1830 under the
conditions of arid steppe agriculture of the peninsula.
The infestation of alfalfa with weed seeds at that time
was obvious, and grain cleaning equipment was clear-
ly not enough (Brover, Shtelin, 2010). Judging by the
agrarian documents, in pre-revolutionary times, Rus-
sian knapweed was not often detected on the fields of
Crimea. Since the 1930s Russian knapweed began to
manifest itself as a segetal weed, littering the fields of
grain and row crops. The problem was exacerbated by
the extremely low understanding of weed biology and
the insufficient effectiveness of chemical methods of
plant protection of that time.

The years of Nazi occupation had a strong impact
on the agriculture of Crimea: its production base was
undermined, crop rotations were disrupted, fields were
littered with weeds. According to Vydrin, the annual
shortfall in the harvest of winter crops in the Crimea
was 4-5 million poods of grain (Russian knapweed
and its control, 1972). Investigating the reasons for
the sharp decline in yield, and sometimes the death of
crops, many explained this by the presence of Russian
knapweed. By 1969, botanists and agronomists unan-
imously noted the wide distribution of Russian knap-
weed throughout the peninsula (Vulf, 1969).

According to the data of the Border State Inspec-
torate for Plant Quarantine of the Ministry of Agriculture
of the USSR for 1968, Russian knapweed was already
distributed in 14 districts, 5 cities, 224 farms of Crimea
Oblast. The total area of outbreaks was 102 562.6 ha. The
greatest contamination was observed in the northern,
eastern and partly southeastern parts of the region.

From 1968 to 1980, an intensive control of Rus-
sian knapweed was carried out, which contributed to
a decrease in the area of contamination. As early as
1980, the area under Russian knapweed was 69 683
hectares (of which arable land — 58 939 hectares, pas-
ture — 7 921.8 hectares, vineyards — 744.6 hectares, or-
chards — 244.6 hectares, along roads — 856.6 hectares,
personal farms — 333 hectares). Over the period from
1999 to 2014, the situation stabilized, and the area
practically did not change (Distribution Survey, 1999).
Since 2015, the Southern Interregional Directorate of
Rosselkhoznadzor has been reviewing the areas of land
contaminated with Russian knapweed in Crimea.

Modern botanical studies on the study of the ad-
ventitious fraction of the flora of the Crimean Peninsu-
la show that its composition has changed significantly
over time due to the constant introduction of new plant
species. At the same time, of Russian knapweed is con-
sidered as an archeophyte; it was introduced before the
beginning of the 19 century, i. e., before the first floris-
tic reports on this territory (Bagrikova, 2013a; Bagriko-
va, 2013h).

Middle and Lower Volga Regions. For many cen-
turies, the southern and southeastern territories of
Russia (outlying lands) served as a zone of nomadic
and semi-nomadic cattle breeding. These lands were
inhabited by various peoples and tribes, leaving their
socio-cultural trace and unique traditions of managing.
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OMNMCHIBAIOIIEH G0TaHWYECKHE MCCIeIOBAHUS CTe-
ey MeXxJy pekaMu Ypaj u Bojiroit, mpoBe/ieHHbIE
B 1827 1. moJ; pykoBoAcTBOM mpodeccopa 3.P. IBepc-
MaHa, y’Ke YIIOMUHAETCs ropYak, KOTOPbhIH GbLI 06HA-
PY’KEH B OKPECTHOCTSIX HEMEIIKOM KoJIoHUY CapemnThl.
boraHuk u sHTOMOJIOT AjleKkcaHap bekkep, poLuB-
muiica B CapernTe U MOCBITUBIINY CBOIO KU3Hb U3Y-
YeHWI0 HYKHEBOJIKCKOY MPUPOMIbI, TAK)KE YKa3bIBAeT
9TOT BUJ, B 6ajikax y BOJITW U I10 TJIMHUCTBIM CTEIIsIM
(Becker, 1858). 13 Bcero 3TOro IOHITHO, YTO ropyYak
y2Ke TOTZa BXOJIWJI B COCTaB ITOJIyeCTECTBEHHBIX pac-
TUTEJIbHBIX COOBIIECTB, MPUYPOUEHHBIX K 9PO3MOHHO-
TIOABYKHBIM I'PYHTaM (HarpuMeD, 0 CKJIOHAM 6ajIoK
niy 6eperaM pek), ¥ BCTpeyvalics Ha 3aCOJIEHHBIX TJIN-
HUCTBIX TOHWKXEHUSX.

MO’KHO JIV1 TOBOPUTD, UTO FOPYAK ABJIIETCA ab0pH-
TeHHBIM JIJI 3TOU TeppPUTOPUY BuAoM? OIHO3HAUYHO
OTBETUTH Ha 3TOT BOIIPOC CJIOXKHO, TaK KaK pasrpaHu-
yeHre aboOpUreHHOT0 U aJBEHTUBHOIO KOMIIOHEH-
Ta CBS3aHO C OIpeJeJIeHHbBIMU TPYOHOCTIAMU. TeM
He MeHee T0JIyUeHHbIe JaHHbIe TT0Ka3bIBAIOT, YTO 3TO
OYeHb JPeBHUH 3aHOC (BO3MOXKHO, CBI3aHHBIH C BTOP-
’KeHVEeM BOWCK MOHTOJIbCKOY MMITEPUU WJIU ITPOU30-
HIeIUINI Jake paHee), KOTOPbIH cTasl DUKCUPOBAThCS
6oTaHuKaMu Ha py6exxe XVIII-XIX BEKOB, U UTO 3TOT
BU/J, MOXKHO KJIacCU(UIIUPOBATh Kak apxeo@ut. TouHoe
BPEMSI 3aHOCA CJIOXKHO YCTAHOBUTD, YUYUTHIBAS UCTOPU-
YecKoe IPOIIOE U STHUYECKYI0 TeTePOTreHHOCTh Tep-
puTopuu.

He MeHee BakHO Apyroe: ¢ KaKMX BpeMeH rop-
YaK CTAHOBUTCS 37IeCh COPHBIM BUIOM? K coXXaIeHMIo,
CYIECTBYET 3HAUNTEJIbHBIN PO6ES B 60TaHUYECKON
JIUTepaType TeX BpeMeH, BhI3BAHHBIN OTCYTCTBUEM
“HTepeca 60TaHUKOB K U3YUYeHUI0 COPHOM PACTUTENb-
HOCTU. MOXXHO ITPEITTIOJIOKUTE, YTO HAYaJIO €T0 U3yUe-
HUS OBIJIO CBSI3aHO C Pa3BUTUEM CEJIbCKOTO X03s1CcTBa
B KoHIIe XIX — HauaJye XX Beka.

C cepepunbl XIX Beka CpepnHee [ToBOJKBE CTAHO-
BUTCSI MHTEHCHBHO OCBanBaeMol TeppuTopueii. CTpo-
HUTEJIbCTBO 3aCEUYHBIX UEPT MOJI0XKMJIO Havyajio aKTUB-
HOMY 3aCeJIeHUI0 Kpasi, ero CeJbCKOX035MCTBEHHOHN
U ITPOMBICJIOBOM KOJIOHM3AI[MK, HauaBIIecs C cepe-
nuHbI XVII Beka 1 IpoAoJiKaBIIelics BIJIOTh 10 Havaja
XX Beka (KabbITOB U 11p., 2015).

VICTOPUKY OTMeYaJiu, YTO XapaKTePHOM YepToit
arpapHOro pasBUTHUSA [I0BOJIKbS B 9TO BpeMs ObLIN
9KCTEHCUBHBIE METOM bl 3eMJiefleNivia. [10]] TTOCEeBHI
1Y pacliaxaHHble 3aJIeXy, JIyra U macToulna. Yiayd-
IIIEHHUS B arPOTEeXHUKe ObLIN 3aMEeTHBI B KPECTbSIHCKUX
x03s7cTBax (hepMepCcKOTo TUIIA Ha CTemHOM tore Ca-
MapcKoil rybepHUY, B X031 CTBe HEMIIEB-KOJOHVCTOB
B [ToBo/KbeE. JKee3Hble JOPOTH A MOUIHBIN UM-
IyJIbC QOPMUPOBAHUIO TPOCTPAHCTBA XJI€OHOTO PhIH-
Ka [TOBOJIXKbSI U MHTEHCUDUIIUPOBAJIY CBSI3U PETU0-
Ha C JPYTMMU YacCTSIMU UMIIepUU. B pe3ynbraTe yxe
K Hauayy XX BeKa 3aBOJDKCKUE CTENU 06pesiu CTaTyC
poccUiCcKOM XKUTHUIILI, OTHOTO M3 OCHOBHBIX IIEHTPOB
TOBAPHOI'0 3€PHOBOTO IIPOM3BOJICTBA, IIOCTABIIUKOB
xJjieba Ha BHYTPEHHUWU U BHEIIHUU phIHKY (JlyOMaH
u ap., 2004).

TakuM o6pasoM, B XOlle pacHallkKy CTemen
MIPOUCXOAUJIN Pe3KUe MPoliecchl TpaHchopMaIIUU
€CTEeCTBEHHOU PaCTUTEJbHOCTYU C (OPMUPOBAHUEM
YHUKAJIBHOTO COPHO-II0JIEBOTO KOMILJIEKCA BUIOB. Be-
3001/IHbIe HA TTIEPBBIYA B3TJISA PACTEHUS, U3-3a CBOUX
OMOJIOTUUECKUX OCOOEHHOCTEM, CTAHOBUJINCH 3JIOCT-
HBIMU COPHSIKAMU M NpPUOOpeTasu YOUBUTEIbHO

The rich nature of this region attracted the attention of
numerous naturalists.

At the beginning of the 18™ century, these terri-
tories were actively visited by botanists during the fa-
mous academic expeditions (P.S. Pallas, S.G. Gmelin,
[.A. Gildenshtedt, I.I. Lepekhin, etc.) (Sytin, 2019).

In the work of the German chemist and botanist
Karl Klaus “Flora der Wolgagegenden” (1851), which
describes botanical studies of the steppes between the
Ural and Volga rivers, carried out in 1827 under the
guidance of Professor E.F. Eversman, Russian knap-
weed is already mentioned, which was detected in the
vicinity of the German colony of Sarepta. The botanist
and entomologist Alexander Becker, who was born in
Sarepta and devoted his life to studying the nature of
the Lower Volga, also indicates this species in the ra-
vines near the Volga and along the clay steppes (Becker,
1858). From all this, it is clear that even then Russian
knapweed was part of semi-natural plant communities
confined to erosionally mobile soils (for example, along
the slopes of gullies or river banks), and was detected
on saline clay depressions.

Is it possible to say that Russian knapweed is a na-
tive species for this territory? It is difficult to unequi-
vocally answer this question, since the distinction be-
tween the aboriginal and the adventive component is
associated with certain difficulties. Nevertheless, the
data obtained show that this is a very ancient drift
(possibly associated with the invasion of the troops of
the Mongol Empire or even earlier), which began to be
recorded by botanists at the turn of the 18"-19" cen-
turies, and that this species can be classified as an
archeophyte. The exact time of the drift is difficult to
establish, given the historical past and the ethnic hete-
rogeneity of the territory.

Another thing is no less important: since when
does Russian knapweed become a weedy species here?
Unfortunately, there is a significant gap in the botanical
literature of those times, caused by the lack of interest of
botanists in the study of weeds. It can be assumed that
the beginning of its study was associated with the devel-
opment of agriculture in the late 19™ — early 20" century.

Since the middle of the 19™ century, the Middle
Volga region has become an intensively developed ter-
ritory. The construction of the serif lines marked the
beginning of the active settlement of the region, its ag-
ricultural and commercial colonization, which began
in the middle of the 17 century and continued until
the beginning of the 20" century (Kabytov et al.,2015).

Historians noted that a characteristic feature of
the agrarian development of the Volga region at that
time was extensive farming methods. Under the crops
were plowed fallows, meadows and pastures. Improve-
ments in agricultural technology were noticeable in the
peasant farms of the farm type in the steppe south of
the Samara province, in the economy of the German
colonists in the Volga region. The railways gave a pow-
erful impetus to the formation of the Volga grain mar-
ket space and intensified the region’s ties with other
parts of the empire. As a result, by the beginning of
the 20™ century, the Trans-Volga steppes acquired the
status of a Russian granary, one of the main centers of
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aKTUBHYI )KM3HEHHYI0 CTPATETUIO IPU PETYIAPHOMU
06paboTKe TTOYBHI.

ITpodeccop JI.W. KazakeBuu (1965), orleHUBas
IIpoIlecc paccejieHUs Topuyaka B BoJsrorpazickoii
obyacTu, oTMeyvaJi, 4To A0 1939 1. ropuak 3acopsn
B OCHOBHOM HeoOpabaTbiBaeMble 3eMJin (IMMaHBbI,
MaZuHbl, TTIOMMEHHBIE U COJIOHYAKOBBIE Jyra). Ho
yXe K 1965 I. OH cTaj TPO3HBIM 3aCOPUTEJIEM TT0JIeH
c ob61eit mromaabo 164 Thic. ra. HauboJbinue Tep-
PUTOPUY OH 3aHUMAJI B 3aBOJDKCKUX ([TaytacoBCKuU,
CrapomonTaBcKuii, CpegHeaXTyOMHCKUH) 1 10)KHBIX
pationax (OxTa6pbckuii, CypoBukuHckuii, Kotesb-
HUKOBCKUH), HO ITOCTETIEHHO IIPOIBUTAJICS B IIPABO-
6epexbe Bosiru. OMHUM M3 Ba)KHBIX IIyTel pasHoca

Puc. 5. Ouar ropyaka nonsyuero

MannacoBcKoro paiioHa
Bonrorpapckoi obnactu, 2008 r.

(hoTo aBTOPOB) (photo by the authors)

Fig. 5. Russian knapweed
B NnoceBax MnweHuLbl Ha TeppuTtopun  outbreak in wheat in the territory
of the Pallasovsky district
of Volgograd Oblast, 2008

commercial grain production, suppliers of bread to the
domestic and foreign markets (Dubman et al., 2004).

Thus, during the plowing of the steppes, abrupt
processes of transformation of natural vegetation oc-
curred with the formation of a unique weed-field com-
plex of species. Harmless at first glance, plants, due
to their biological characteristics, became malicious
weeds and acquired a surprisingly active life strategy
with regular tillage.

Professor L.I. Kazakevich (1965), evaluating the
process of spreading of Russian knapweed in Volgo-
grad Oblast, noted that until 1939 Russian knapweed
contaminated mainly uncultivated lands (estuaries,
depressions, floodplain and solonchak meadows). But
already by 1965, it had become a for-
midable weed in the fields with a total
area of 164 000 hectares. It occupied
the largest territories in the Trans-Vol-
ga (Pallasovsky, Staropoltavsky, Sred-
neakhtubinsky) and southern regions
(Oktyabrsky, Surovikinsky, Kotel-
nikovsky), but gradually moved to the
right bank of the Volga. One of the im-
portant pathways for the weed is the
movement of hay and straw from in-
fected fields.

To date, Russian knapweed in
Volgograd Oblast has been registered
on an area of about 125 718.5 thou-
sand hectares (National report, 2022).
Thanks to phytosanitary measures
carried out by the Office of the Rossel-
khoznadzor in the Rostov Oblast, Vol-
gograd Oblast and Astrakhan Oblast
and the Republic of Kalmykia, the area
of quarantine phytosanitary zones in
the region has decreased by 73 thou-
sand hectares compared to 2010 (pre-
viously, quarantine phytosanitary
zones were established within the
boundaries of municipal districts).

Surveys conducted by employ-
ees of the Volgograd branch of FGBU
“VNIIKR” in 2006—-2008 showed a high
degree of contamination of crops in the
territory of the Pallasovsky, Olkhovsky,
Oktyabrsky districts. Thickets of Rus-
sian knapweed in some fields had both
amarginal heterogeneous location and
formed large concentric circles in the
center of the fields (Fig. 5-7). Over the
past 15 years, the situation has im-
proved significantly due to the intro-
duction of integrated plant protection
methods.

In the conditions of Volgograd
Oblast, effective measures in control of
Russian knapweed are regular mowing
(3-4 per growing season) before the
weed bears fruit; allotment of Russian
knapweed lands for fallows with subse-
quent grassing with perennial grasses

Puc. 6. NoceBbl KyKypy3bl, 3acopeHHble  Fig. 6. Corn crops contaminated

ropyakoM nosi3yunM, Ha TeppuTopum
Bonrorpapckoii o6nactu, 2006 1.
(cpoTo aBTOpOB)

by Russian knapweed on the territory
of Volgograd Oblast, 2006
(photo by the authors)
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CODHSIKA SBJISETCS TepeMelleHre CeHa M COJIOMBI
C 3apa)kKeHHBIX TTOJIEH.

Ha cerogHgamHui geHb ropuak B Bosrorpap-
CKOM 06J1aCTV 3apeTUCTPUPOBAH Ha IJIOIALU OKOJIO
125 718,5 TbIc. ra (HammoHadbHbIN Hokiaz, 2022).
Biaromaps ¢GuTOCaHUTAPHBIM MEPOIPUATUIM, TIPO-
BOIMMBIM YITpaBjeHueM Poccenbxo3Hazm3opa 1o Poc-
TOBCKOM, BoJirorpajickoil u AcTpaxaHCKOU 06JiacTaM
u Pecnybsivke KaJlMbIKUY, TJIOMAAb KapaHTUHHBIX
(huToCaHWTAPHBIX 30H HA TEPPUTOPUHU 06JIACTU COKpa-
TUJIAch Ha 73 ThIC. Ta 10 cpaBHeHwMIo ¢ 2010 I. (paHee
KapaHTUHHBIE QUTOCAHUTAPHbIE 30HbI OBLJIN YCTAHOB-
JIEHBI B TPAHUIIAX MYHUIUTIAJIbHBIX PAWOHOB).

O6cnemoBaHus, MPOBEAEHHbIE COTPYIHUKA-
mu Bousrorpajgckoro dunuana ®T'BY «BHUUKP»
B 2006-2008 rr., moKa3saJjy BbICOKYIO CTEIIeHb 3aCo-
PEHHOCTY TIOCEBOB Ha TeppuTopuu [1aniacoBcKOro,
OJsibx0BCKOT0, OKTSI6PHCKOTO PalioHOB. 3apPOCIIU TOP-
YakKa Ha OTJEJbHBIX MOJISIX UMeIU KaK KpaeBo Heox-
HOPOJHBIN XapaKTep Paclojio)KeHus, Tak U hopMu-
poBaJiyi 60/IbIIINE KOHIIEHTPUUECKYEe KPYTH 110 IIeHTPY
riosieit (puc. 5-7). 3a mpoueuive 15 JieT cUTyamus cy-
1EeCTBEHHO YIYUYLIWJIaCch, YTO CBS3aHO C BHEIPEHUEM
UHTETPUPOBAHHBIX METOLOB 3aL[UTHI PACTEHUN.

B ycnoBusx Bosrorpaackoit o6aactu 3pdekTus-
HBIMU MepaMu B 60pbbe ¢ TOPUaKOM SIBJISIOTCS pe-
TyJsIpHBbIE CKaIMBaHus (3—4 3a BETeTaIMI0) [0 I1JI0-
IIOHOIIEHMS COPHSKA; OTBeJleHrEe 3aTOPUYaKOBaHHBIX
3eMeJib 10/, TTaphl € TIOCJIEAYIUIUM 3aJIyKEHEM MHO-
TOJIETHUMU TPaBaMU WJIU MOCTAEeNYIOUIUM 2-JIeTHUM
II0OCEBOM O3UWMBIX 3€PHOBBIX KYJBTYP C ITOBBIIIEH-
HOII HOPMOY BbICEBA; MPOBeJleHVe 3—4 KyJIbTUBAIIUYN
Ha I0JIIX B coYeTaHuu ¢ 06paboTkaMu repbulugaMmu
CILJIONTHOTO AeticTBus (cMecu adupa 2,4-11 ¢ dharopacy-
JgaMoM, QJIYPOKCUTIUPOM, CYyAb(POHUIMOUYEBUHHBIMU
MTPOM3BOIAHBIMU, fUKaM60¥ u np.) (Cumopenko, 2018).
[TOJTHOTO YHUUYTOXKEHUS COPHSAKA MOXKHO JJOOGUTHCS TPU
COYETAaHUM arpOTEXHUUECKUX MEPOTIPUSATU C IPUMe-
HeHUueM repbuInioB.

Puc. 7. MoceBbl pbiXMKa NOCEBHOrO,
3aCOPEHHOr0 ropYaKkoM Mon3yunm,

Bonrorpapckoit o6nactu, 2006 T.
(choTo aBTOPOB)

Fig. 7. Camelina crops
contaminated by Russian knapweed
Ha Tepputopumn OkTA6pbckoro parioHa  in the Oktyabrsky district

of Volgograd Oblast, 2006
(photo by the authors)

or subsequent two-year sowing of winter crops with an
increased seeding rate; carrying out 3—4 cultivations
in the fields in combination with continuous herbi-
cide treatments (mixtures of 2,4-D ester with florasu-
lam, fluroxypyr, sulfonylurea derivatives, dicamba, etc.)
(Sidorenko, 2018). Complete destruction of the weed
can be achieved by combining agrotechnical measures
with the use of herbicides.

CONCLUSION

After analyzing the floristic lists and agronomic reports
of the beginning of the 18"-20™ centuries, an assump-
tion is made that Russian knapweed is an archeophyte
for the territory of the Crimea and the Lower Volga re-
gion. The total plowing of virgin steppes over the past
150 years, combined with a low level of agricultural cul-
ture and the lack of an integrated approach to crop pro-
tection, has led to the subsequent unfavorable phyto-
sanitary state of agroecosystems in southern Russia.
The results obtained indicate the need to carry out fur-
ther work on the inventory of lands contaminated with
Russian knapweed and measures for its eradication.
The authors hope to continue research on the recon-
struction of the distribution history of Acroptilon re-
pens (L.) DC. on the territory of Russia, taking into ac-
count a comprehensive morphological and molecular
genetic analysis.
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3AKJIIIOYEHUE

[Tocne aHanusa GIOPUCTUUYECKUX CIIMCKOB U arpo-
HOMHYECKUX 0TUeTOB Havajya XVIII-XX Beka gejaeT-
csI TIPEeJIIoJIOKEHE, UTO FOPYAK IMOJIBYYUH SABJISETCS
apxeodurtoM nysa Tepputopuu Kpeima u HuxHero
[ToBo/Kbs. TOTaJIbHAS paclialika IeJUHHBIX cTernel
3a nociepHue 150 jieT B cOUeTaHUY C HU3KUM YPOB-
HEeM KYJIbTYPbI 3eMJIefeJIVA U OTCYTCTBUEM KOMILJIEKC-
HOTO TOJIXO0/Ia 3aIlIVThI ITIOCEBOB CTajla MPUUUHOU 110~
cllenyrouero HebaronpusSTHOro (GUTOCAHUTAPHOTO
COCTOAdHUA arposkocucteM wra Poccuu. [TonyyeH-
Hble Pe3yJIbTaThl CBUIETEJLCTBYIOT 0 HE0OXOLUMOCTY
MIPOBOAUTH JajbHelIyl paboTy 1Mo MHBEHTapu3a-
MY 3aPaXKEHHBIX TOPYAKOM 3€MeJIb U MEPOIIPUATUA
10 ero YHUUYTOXEHUK. ABTOPBI HAZEITCH IIPOLOJI-
JKUTb UCCJIeLOBAaHUA I10 PEKOHCTPYKLUU UCTOPUU
paccenenus Acroptilon repens (L.) DC. Ha TeppUTOPUU
Poccuu ¢ yueToM KOMIIJIEKCHOTO MOP(OJIOTUYECKOTO
U MOJIEKYJIIPHO-TEHETUYECKOI'0 aHaJIn3a.
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AHHOTALIUA
B pesynbTaTe NMPOBeAEHHBIX UCCIIEJOBAaHUN HaMU
6pLIM M3ydeHBl 37 Uy)KepPOLHBIX, B TOM UMCJie KapaH-
TUHHBIX, BUJJOB HACEKOMBIX, IPOHUKIIVX B IIOCTIEeJHUE
rojipl Ha TeppuToputo Pecriybsuku KpoiM. V13 BUIOB,
BKJIIOUEHHBIX B EQUHBIY NepedyeHb KapaHTUHHBIX
006beKTOB EBpa3snuiicKOr0 3KOHOMMUUYECKOTO COH3a,
OBbLIY OOHAPY)KEHBI: 30JIOTUCTAS ABYXITATHUCTAS COB-
Ka, BOCTOYHAs IIJI0J0XKOPKA, aMepuKaHckas 6eas 6a-
60uKa, KanTu(OPHUNCKAS U STIOHCKAS TAaJIOUYKOBUIHAS
LUUTOBKY, ITIOHCKAs BOCKOBAs JIOXKHOIIUTOBKA, Kap-
ToesbHAA U I0)KHOAMepUKaHCKasg ToMaTHad MOJY,
(unnokcepa, 3amagHBIN IBETOYHBIN TPUIIC, I1JIaTa-
HOBas 1 Ny60Basi KPYKeBHUIIbI, COCHOBBIN CEMEHHOMU
U1 KOPUYHEBO-MPaMOPHBIH KJIOIIHI.

Hauwnnag ¢ 2017 I. CTPEMUTEJbHO PACIIPOCTPaHI-
eTCs OIVH Yy>KePOIHbIN BUJ — Ly60Bas KPYy >KEBHUIIA.
9ToT uTOodar NpakTUUECKN [I0OBCEMECTHO BPENUT
pasJIUYHBIM BUAaM Ny6OB, JUIE KPYITHOJUCTHOU
U APYTUM KyJIbTypaM, HO MOXKET ITPUYUMHSTD BPeJ, U Ye-
JIOBEKY, HAHOCS MeJIKUe YKOJIbI KOXKY CBOMM X060TKOM.

V3 HeKapaHTUHHBIX BUJOB CJIELyeT OTMETUTH
TIPOHVKHOBEHYE Ha TEPPUTOPUIO IIOJIyOCTPOBA CaM-
UIXUTOBOM OTHEBKY, MJIU CaAaMUIUTOBOM TPaBAHKHU,
PacIpOCTPAHUBIIEHNCS C TOCALOYHBIM MaTEPUAJIOM
U IyTeM aKTUBHBIX IepejieToB. C 2014 r. 3TOT BUL
npeJcTaBsgeT 6OJbIIYI0 YTPO3y Pa3JIUUYHBIM BUIAM
cammuTa B KpbiMy. 3HaUUTENIbHBIE TOBPEXIEHUSI
JIEKOPATUBHBIM U CEJIbCKOXO3SMCTBEHHBIM KYJIBTY-
paM HaHOCAT elle 2 Yy»KePOAHbBIX BUZIa — aBCTPaJIMi-
CKM KeJTo0uaThii yepBell (Ha K0xxHOM Gepery Kpbima
¢2010r.) u 6entas IUKagKa, KOTOPas IIPOJOJI’KAET pac-
npocTpaHgarscda ¢ 2018 T

Pe3ynbTaThl paboThl UMEIOT MPUKJIAHOE 3HAYUE-
HUe JIJIsl OleHKY (DUTOCAaHUTAPHOTO COCTOSIHUS CEJIb-
CKOXO0351IICTBEHHBIX, IeKOPATUBHBIX 1 JIECHBIX KYJIBTYD
B Pecrry6imike KpbIM C II€JTbI0 U3YUYEHUS Uy>KEPOIHBIX
BU/JIOB, IDOHUKIIVX HA TEPPUTOPHUIO 10JIyOCTPOBA.

Kanrouesvie cnosa. UyxepolHble BUbl, NTHBAa3UB-
HbIe BUIBI, Pecriybauka KpbiM, KapaHTUHHBIA BpeJ-
HBIM Opra’Hu3M, paclIpocTpaHeHue.
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Alien insects —
phytophages of
agricultural, ornamental
and forest plantations

of the Crimea

N.M. STRYUKOVA!, A.A. STRYUKOV?

1 Southern Branch of FGBU “All-Russian Plant
Quarantine Center” (FGBU “VNIIKR”),
Simferopol, Republic of Crimea, Russia

2V.I. Vernadsky Crimean Federal University,
Simferopol, Republic of Crimea, Russia

1 ORCID 0000-0003-2285-0228;
e-mail: stryukovanata@mail.ru

2 e-mail: zoostr@mail.ru

ABSTRACT
As a result of the research, we studied 37 alien insect
species, including the quarantine ones, that have been
introduced into the territory of the Republic of Crimea
in recent years. There were detected some of the spe-
cies included in the Common List of Quarantine Ob-
jects of the Eurasian Economic Union: Chrysodeixis
chalcites (Esper), Grapholita molesta (Busck), Hyphantria
cunea (Drury), Quadraspidiotus perniciosus (Comstock),
Lopholeucaspis japonica (Cockerell), Ceroplastes japoni-
cus (Green), Phthorimaea operculella (Zeller), Tuta abso-
luta (Meyrick), Daktulosphaira vitifoliae (Fitch, 1855),
Frankliniella occidentalis (Pergande), Corythucha ciliata
(Say), Corythucha arcuata (Say), Leptoglossus occidentalis
(Heidemann) and Halyomorpha halys (Stal).

Since 2017, one alien species has been rapidly
spreading — C. arcuata. This phytophage harms various
species of oaks, large-leaved linden and other crops al-
most everywhere, and also can harm humans by inflict-
ing small skin injections with its proboscis.

Of the non-quarantine species, it should be noted
that Cydalima perspectalis (Walker) was introduced into
the peninsula, which spread with planting materi-
al and by active flights. Since 2014, this species has
been a major threat to various boxwood species in the
Crimea. Significant damage to ornamental and agri-
cultural crops is caused by 2 other alien species — Ice-
rya purchasi (Maskell) (on the southern coast of Crimea
since 2010), and Metcalfa pruinosa (Say), which has been
spreading since 2018.

The results of the work are of applied importance
for assessing the phytosanitary state of agricultural, or-
namental and forest crops in the Republic of Crimea in
order to study alien species that have been introduced
into the peninsula.

Key words. Alien species, invasive species,
Republic of Crimea, quarantine pest, spreading.
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BBEJJEHUE

CJIU 3aTJISHYTh B UCTOPUIO, TO HA TEP-
putopuu 6siBIIero CoBerckoro Coo3a,
no paHHeiM C.C. MxeBckoro (Moxes-
cKku#, 1994), MUIllb B IPUPOLHBIX CTa-
UIX HACYUTBIBAJIOCH CBhIlIe 80 BU0OB
3aBe3eHHbIX (urodaros. 3a 30-jeT-
HUM epuoj, mpouioro Beka (¢ 1950
1o 1981 r.) 6bLIO BBIABJIEHO 7 HOBBIX
BPEIHBIX PACTUTEIbHOSITHBIX HACEKOMBIX, B TOM YK C-
Jie BUJIbI, 10 HACTOSIIET0 BpEMEH!U BXOJISIIKE B TIEepe-
YeHb KaPaHTWHHBIX: aMepuKaHckasa Geyiag 6abouka,
BOCTOYHAs ILJIOLOXOPKA M KapTtodesbHasg MoJib. He-
KOTOpPBIE Uy)KEPOJHbIE BUbI, HE SIBJISISCh aKTUBHBIMU
tuTtodaramu 1 He TOBPEXKAasd CUIBHO KOPMOBBIE pac-
TEHUS, IPEJCTABISIOT YyTPO3y KaK MePeHOCYNKY BO3-
oynuTeieli 6ose3Hel pacTeHuii. Tak, HanmpuMep, B EB-
porie 060CHOBAJIUCh CeBepoaMepuKaHCKUe ITUKALKU
Metcalfa pruinosa (Say, 1830) (puc. 1) u Scaphoideus ti-
tanus Ball, 1932, KOTOpbIe ABISIOTCS ITEPEHOCUNKAMU
BO30yauUTEell MUKOIJIa3MeHHBIX U BUPYCHBIX 60Jie3-
Hel BuHOrpaza (VxeBckuii, 1994).

B xo0/ie €XeTroHbIX SHTOMOJIOTUYECKUX UCCIIe-
IOBaHUM, IPOBOAUMBIX Ha Teppuropuu KpbiMma,
PEryJISIPHO BBISBJISIOTCS Yy’KEPOJHbIe HACEKOMBIE,
MIPEeJICTaBIAIOLINE YTPO3Y CEIbCKOX035MCTBEHHBIM,
IeKOpPaTUBHBIM U JIECHBIM KyJbTypaM. BeiieficTBUe
9TOr0 BOBHMKAET NHTEPEC K U3YUEHUT0 ITyTeN UX IIPO-
HUKHOBEHUS U PacCIPOCTPAaHEHUS, aflallTalluOHHBIX
0CO06eHHOCTe M BO3MOYKHOCTU MacCOBOTO Pa3MHO-
JKEHUS.

[ToyunuTenbHA UCTOPHUS IIPOHMKHOBEHMS Ha TEP-
puTopuio Poccutickoit denepaliyiv olacCHOTO MHBA3UB-
HOT'O HACEKOMOT'0 — CAMIITUTOBOM OTHEBKY, UJTY CAMIILIU-
TOBOU TpaBsgHKu. B Coun oHa Gbla 3aBe3eHa B 2012 T.
u3 VITajauu ¢ CaMIIMTOM BEUHO3eJIeHbIM IIapOBULHOM
(opmal. B 2013 I. 661710 3a(pUKCUPOBAHO €€ MacCOBOE
pacnpocTpaHeHUe U, KaK CJIeACTBUE, YHUUTOXKEHBI
PEJIUKTOBBIE POILIM CAMIINUTA KOJIXUACKOTO (THUHEH-
KO U Ap., 2014; lllypoB u mp., 2017). C 2014 r. 3TOT BUL,
IIpeJicTaBisgeT G0JbIIYI0 YIPO3Yy Pa3IUYHBIM BUJAM
cammmuTa B Kpeimy (puc. 2). PacTeHus, ITUPOKO UCITOTh-
30BaBIIMECS PaHee IJiS 03eJIeHEeHUS,
IIPU OTCYTCTBUU 3aIUTHBIX MEPO-
MPUSATUYN TTOTM6aT B TEUEHUE OJIHO-
ro BETeTal[MOHHOTO ce30Ha. CeromHs
B KpeimMy nanpmadTHbIE apXUTEKTOPHI
MIPeIIoYuYnTal0T n3beraTh IprMeHeHYEe
B KOMITO3UMIIMSX CAMIIUTA BEUHO3EJe-
HOT'0, TaK KaK JJig ero 3alluThI OT 4y-
s)keponHoTro ¢uTodara MPUXOIUTCS
IIPOBOIUTDL He MeHee IecTr 06pabo-
TOK IIPOTUB T'yCEHUI] MJIAJAIINX BO3-
pacToB 6uompernapaTaMu Ha OCHOBE
Bacillus thuringiensis. A 3TO Bje4eT 3a
co601i IOMMOJTHUTENbHbIE 3aTPAThl Ha
yXop, 3a pacTeHusmMu. B KpbiMy caminu-
TOBas OTHEBKA BCTPEYAETCS B MECTaX
[IPOU3PACTaHUS KOPMOBBIX PACTEHUH,

CaZ0OYHbIM MaTepuajioM U IIyTeM aK- n.r.T. ArpapHoe, r. Cumchepononb,
2020r. (poTo H.M. CTprokoBoOIA)

TUBHBIX TIEPEJIETOB.

Hauwmnasg c 2017 I. cCTPEMUTENIBHO
pacIpocTpaHsIeTcs, HO C IOMOIIbIO BETPA, eIlle OJAUH
4y)KEPOIHBIN BU — Ay60Bas KPYKEBHUIIA. ITOT (DUTO-
(har mpakTHUUECKH II0OBCEMECTHO BPEAUT Pa3INUYHBIM
BUIAM Ay60B (puc. 3), TUTle KPYITHOJIUCTHOH U IPYTUM

Puc. 1. Umaro v nuumHku 6enoi
PacIIPOCTPAHSAACH, Kak IIPaBUJIO, CIIO0-  yykapgku Ha noBpexaeHHoM nobere,  of Metcalfa pruinosa on a damaged shoot,

INTRODUCTION

fyou look into history, on the territory of the for-
mer Soviet Union, according to S.S. Izhevskii
(Izhevskii, 1994), there were more than 80 spe-
cies of introduced phytophages in natural habi-
tats. Over the 30-year period of the last century
(from 1950 to 1981), 7 new harmful herbivorous in-
sects were detected, including species that are still in-
cluded in the quarantine list: H. cunea (Drury), G. mo-
lesta (Busck), and P. operculella (Zeller). Some alien
species, not being active phytophages and not strongly
damaging host plants, pose a threat as vectors of plant
pathogens. For example, in Europe there are Metcal-
fa pruinosa (Say, 1830) (Fig. 1) and Scaphoideus titanus
Ball, 1932, which are vectors of mycoplasma and viral
diseases of grapes (Izhevsk, 1994).

In the course of annual entomological studies con-
ducted on the territory of the Crimea, alien insects are
regularly detected that pose a threat to agricultural, or-
namental and forest crops. As a result, there is inte-
rest in studying their pathways and spreading, adap-
tive abilities and the possibility of mass reproduction.

The history of the introduction of a dangerous in-
vasive insect into the territory of the Russian Federation
is quite instructive — C. perspectalis. It was introduced
into Sochi from Italy in 2012 with the common spheri-
cal boxwood. In 2013, its mass spreading was recorded
and, as a result, relict groves of Buxus colchica were de-
stroyed (Gninenko et al., 2014; Shchurov et al., 2017).
Since 2014, this species has been a major threat to va-
rious boxwood species in the Crimea (Fig. 2). Plants that
were widely used earlier for landscaping, in the absence
of protective measures, die within one growing sea-
son. Today in the Crimea, landscape architects prefer
to avoid the use of the common boxwood in composi-
tions, because to protect it from an alien phytophage, it
is necessary to carry out at least six treatments against
younger caterpillars with biological preparations based
on Bacillus thuringiensis. This entails additional costs for
plant care. In the Crimea, C. perspectalis is found in places
where host plants grow, spreading, as a rule, with plant-
ing material and by active flights.

Fig. 1. Imagoes and larvae

Agrarnoye, Simferopol, 2020
(photo by N.M. Stryukova)
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Puc. 2. NoepexpeHHble Fig. 2. Plants damaged
CaMLUMTOBOM OFHEBKOM by Cydalima perspectalis
pacTteHus B I. Anynke, 2022 r.  in Alupka, 2022

(hoto H.M. CtprokoBoin) (photo by N.M. Stryukova)

pacTeHusaIM, HO MOXET MPUUYUHATH 6ECIIOKOMCTBO
¥ YeJIOBEKY. MeCTHbIE KUTEJIU U F'OCTU I0JIyOCTPO-
Ba OTMeYaloT YKOJIbI, HAHOCUMbIE X060TKaMU 3TUX
KPOIIEYHBIX KJIOTIOB, IIPY CHOCE WX TIOPBIBAMU BETPA
C KOPMOBBIX PAaCTEHUN Ha JIIOJIel.

B mapkax, cajjax ¥ Ha YaCTHBIX IMOJBOPbAX HOXK-
Horo 6epera KpbiMa Hab0laeTcsa HapacTaHWe YUC-
JIEHHOCTY YPE3BBbIYAWHO MJIOJLOBUTOIO0 U BPEILOHOC-
HOTO Yy>XEPOJHOTO HAaCEKOMOTO — aBCTPAJUMCKOTO
JKeJiobuaToro uepseria Icerya purchasi Maskell, 1879.
B mocsieHME OBl KPBIMCKYE CITEIMAJIUCThI B 06J1a-
cTu JaHAmaGTHON apXUTEKTYPbI, 3alIUThI PACTEHUH,
paboTHUKY MUHUCTEPCTBA CEeJIbCKOT0 X031 CcTBa Pec-
my6simKy KpbIM ¥ MPOCTO HEPaBHOYIITHbIE KPbIMYa-
He 6bI0T TpeBOTY. [10 HAIIUM HAGIIOLEHUAM, B TapKax
Y Ha YJIUIIAX T. SIIITHI, T. ANyTIKY UIIepUs TTPUBEJa K T'U-
6enu psif, IeKOPaTUBHBIX KYJIbTYP (puc. 4), 4TO CoTJia-
cyercs ¢ manHbIMU H.H. Tpuko3s (Tpukos, 2017).

[Tony4yeHHBIE B PE3YIbTATE MHOTOJIETHUX HABJTIO-
IeHUY JaHHbIe UMEIOT MPaKTUYECKYI 3HAUYMMOCTh
IS CHEeIMaJuCTOB B 06JIaCTU 3aIlUThl PacTEeHUN

Since 2017, another alien species has been rapidly
spreading, but with the help of the wind, C. arcuata. This
phytophage harms various oak species almost eve-
rywhere (Fig. 3), large-leaved linden and other plants,
but can also cause concern to humans. Local residents
and guests of the peninsula note the injections inflict-
ed by the proboscises of these tiny bugs, when they are
carried by gusts of wind from food plants to people.

In parks, gardens and private courtyards of the
southern coast of Crimea, an increase in the number
of an extremely prolific and harmful alien insect is ob-
served — Icerya purchasi Maskell, 1879. In recent years,
Crimean specialists in the field of landscape architec-
ture, plant protection, employees of the Ministry of Ag-
riculture of the Republic of Crimea and simply caring
Crimeans have been concerned. According to our ob-
servations, in the parks and on the streets of Yalta and
Alupka, L purchasiled to the death of a number of orna-
mental crops (Fig. 4), which is consistent with the data
of N.N. Trikoz (Trikoz, 2017).

The data obtained as a result of long-term obser-
vations are of practical importance for specialists in the
field of plant protection in agriculture, landscape gar-
dening and forestry for competent planning and imple-
mentation of protective measures in order to regulate
the number of harmful phytophages in the outbreaks.
Only knowing the enemy and relying on the biological
characteristics of each specific species, it is possible to
predict the appearance of a phytophage in plantations
in various phases of development and, taking this into
account, plan the release of entomophages or conduct
treatments with biological or chemical preparations.

MATERIALS AND METHODS

A preliminary survey was carried out visually in the
green spaces of the Republic of Crimea using the re-
connaissance method. At the same time, the general
phytosanitary state of plants was noted, the nature and
degree of damage to plants by alien insect species, as
well as the presence of egg, larvae, pupae and imagoes
were assessed visually.

In 2021 and 2022 there were surveys of plantings
in the city of Simferopol and the Simferopol district, in
the Bakhchysarai region, in the city of Evpatoria, Yal-
ta, Alupka, Partenit, Foros, Sevastopol, Nizhnegorsky
district, covering the foothill, partly mountainous and
steppe zones of Crimea, the southern coast of Crimea
and partly the Western coast of the Black Sea (Fig. 5).

The object of the study was alien insects that harm
agricultural, ornamental and forest crops.

Larvae of some species were reared for subse-
quent identification, for example, seed beetles (Coleo-
ptera: Chrysomelidae: Bruchinae), developing in the
seeds of woody plants of this family Fabaceae, which
are widely used for landscape architecture. The fruits of
Laburnum, Albizia, Gymnocladus, Cladrastis, Gleditsia, Cer-
cis were collected from September 2021 to April 2022,
placing them in glass and plastic containers of different
volumes, closed with gas, to monitor the emergence of
imagoes in laboratory conditions.

The collection and processing of the material was
carried out according to the generally accepted methods

dutocaHutapus. KapaHtuH pactenunii = 18
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CeJIbCKOTO, CaJI0BO-TIaPKOBOTO U JIECHOTO XO3SMCTB
JLJISI TPAMOTHOTO TJIAHWPOBAHUS U OCYIIECTBICHUS
3alUTHBIX MEPOTIPUSTUN C [EJbI0 PETYIUPOBAHUS
YUCJIEHHOCTH BPeIHbIX huTodaros B ouarax. Toyib-
KO 3Has Bpara B JIMIO 1 OTIMPASICh HA OMOJIOTUYECKIE
0COGEHHOCTY KaXKJ0T0 KOHKPETHOTO BUZIA, MOXXHO
CIIPOTHO3MPOBATH MOSBJIEHNE B HACAKAEHUAX PUTO-
ara B pasmuuHbIX hazax pa3BUTHUA U, YUUTHIBAS 3TO,
TJIAHUPOBATh BBIMTYCK SHTOMOMAroB WUJIu IIPOBEEHNE
06paboTOK GMOJIOTMUECKMY JINO0 XMMUYECKUMY ITpe-
rmapaTamu.

MATEPUAJIBI U METO/IbI

[TpenBapuTesbHOE 06CIe0BaHNE TPOBOAUIU BU3Y-
aJIbHO B 3eJIeHBIX HacaxJeHusaxX Pecrnybnuku KpbiM
PEKOTHOCIIMPOBOYHBIM METOJIOM. [1pu 3TOM OTMeyva-
Jioch 061ee pUTOCAHUTAPHOE COCTOSIHIYE PACTEHUH,
TJIa30MePHO OlLIeHUBAJIMCh XapaKTep U CTeleHb 110-
BPEXIEHUS PACTEHUN Uy KEePOLHBIMU BUIAMU Hace-
KOMBIX, a TaK)Ke HaJluuue KJIaoK Sull, IUUYUHOK, Ky-
KOJIOK U ©Maro.

B 2021 u 2022 rr. mpoBeau o6Ccaem0BaHUs Ha-
caxaeHmnut B 1. Cumdeponose u CuMpepoIoJsbCKOM
patioHe, B BaxuucapaiickoMm p-He, B I. EBaTopuu,
. flate, . Anynke, 1. I. T. [lapTeHur, 1. . T. Popoc,
B I. CeBacroroJjie, HU)KHEropcKkoM p-He, 0XBaThbIBas
NpeAroOpHYI0, YaCTUYHO TOPHYI0 U CTENHYI0 30HBI
Kpbima, I0kHbBIN 6eper KpbiMa ¥ YaCTUYHO 3aragHoe
no6epexxbe YepHoro Mops (puc. 5).

O6BEKTOM UCCJIeJOBAaHUS BBICTYHATIN YYy>KEPOJI-
Hble HaCeKOMble, HAHOCSIIVE BPeJ, CeJIbCKOX03591-
CTBEHHBIM, JEKOPATUBHbBIM U JIECHBIM KYJIBTYPaM.

JINUYUHOK HEKOTOPhIX BUJMIOB JlOpalluBaiu OJis
IIPOBEJIEHUS TTOCIeIYIONIEeN NAeHTU(DUKAIIUY, K TPU-
Mepy XKykoB-3epHOBOK (Coleoptera: Chrysomelidae:
Bruchinae), pa3BUBaIOIIUXCSI B CeEMeHAaX JPEBECHBIX
pacrenui cemeiictBa Fabaceae, KOTOpbIE IIMPOKO HC-
TIOJIB3YIOTCS [IJIST 03eJIEHEHUS 00beKTOB JIaHAa(h THON
apxuTeKTypel. [1nobl 1abypHyMa, anbounuu, 6yHmy-
Ka, KJIaZpacTuca, riiequyuu, 6arpaHHUKA cobupantu
c ceHTs6psa 2021 1. o anpenb 2022 T., TOMeIas Ux

of faunistic research: route collection, mowing with an
entomological net over herbaceous and tree-shrub vege-
tation, shaking off insects on a canopy of dense tissue,
and removal from plant material. Photographs were tak-
en with a Canon EOS 77D digital camera.

The identification of invasive species was carried
out using scientific publications from specialized re-
sources and a database to identify various groups of
insects (Maslyakov, Izhevsky, 2011; https://gd.eppo.
int; https://www.researchgate.net; http:/www.sevin.
ru; https://www.ghif.org; https://ukrbin.com; http://
macroid.ru).

RESULTS AND DISCUSSION

In this section, within the framework of studies of in-
vasive entomofauna, the results of our own long-term
observations for the period from 2007 to 2022 are pre-
sented. On the territory of the Republic of Crimea, we
have identified 37 species of invasive insects from six
orders. Most of the species belong to the orders Hemip-
tera (16 species, or 43.24%) and Lepidoptera (12 spe-
cies, or 32.43%). Significantly fewer species belonged
to other orders: 5 species from the order Coleoptera,
2 species from the order Diptera and one species from
the orders Hymenoptera and Thysanoptera (13.52;
5.41; 2.7 and 2.7%, respectively) (Fig. 6).

Below is a list of species, including information on
damaged crops, the nature of the damage, the harm-
ful phase of the insect, as well as the area and year of
the first detection (Table 1). The species included in the
Common List of Quarantine Objects of the EAEU are
marked (https://vniikr.ru/dokumenty/epko-eaes/).

Out of 37 species of alien insects found during
phytosanitary monitoring of agricultural, forest and
ornamental plantations, 14 species are included in the
Common List of Quarantine Objects of the EAEU: Qua-
draspidiotus perniciosus Comst., Lopholeucaspis japonica
CKIl., Ceroplastes japonicus Green, Halyomorpha halys Stél,
Leptoglossus occidentalis Heidemann, Corythucha arcuata
Say, Corythucha ciliata Say, Frankliniella occidentalis Per-
gande, Daktulosphaira vitifoliae Fitch, Grapholita molesta

Puc. 3. O6ecuBeunBaHue
nucTbeB ay6a vepewyaToro
knonom gy6osoii
Kpy>keBHULel, BotaHuueckuii  N.V. Bagrov Botanical
cap uM. H.B. barposa, Garden,

Fig. 3. Discoloration
of the leaves of English oak
with Corythucha arcuata,

r. Cumcpbepononb, 2021 .
(choTo H.M. CtprokoBoit)

Simferopol, 2021
(photo by N.M. Stryukova)

Puc. 4. KonoHusa Fig. 4. Colony
aBcTpanuickoro xxenobuatoro  of Icerya purchasi
uepseua Icerya purchasi on Pittosporum tobira,

Ha nuTToCcnopyme Tobupa, Yalta, 2019

r.nTa, 2019 r. (photo by N.M. Stryukova)
(choTo H.M. CTprokoBoif)
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Puc. 5. Kapta o6HapyxeHus uyxxepogHbix  Fig. 5. Alien insect detection map,

HacekoMmblx, 2021-2022 rr. 2021-2022

B CTEKJISHHBIE U IIJIACTUKOBbIE EMKOCTH PA3HOTO 00b-
eMa, 3aKpbIThIe Ta30M, IJIs HaGJIIeHN 32 BBIXOJI0M
uMaro B Ja60paTOPHBIX YCIOBUIX.

Cb6op u obpaboTKy MaTepuasa MPOBOLUIU TI0
OOIEeNMPUHATHIM MeTOAuKaM (payHUCTUUIECKUX WC-
CIemOBAHUM: MapIIPYTHBIA cOOpP, KOUIEHWEe 3HTO-
MOJIOTMYECKUM CauKOM II0 TPaBIHUCTON U LpeBec-
HO-KYCTapPHUKOBOM PaCTUTEJIbHOCTH, OTPIXUBAHUE
HaceKOMbIX Ha ITOJIOT M3 IIJIOTHOH TKaHU, BhIBEJIEHUE
U3 PacTUTENbHOTO MaTepuajia. POTOCHEMKY ITPO-
BOAMJMW IIPU IOMOILM IIM(GPOBON (GoTOKaMephl
Canon EOS 77D.

VpeHTrGUKAIIXI0 NHBA3UBHBIX BUJOB IIPOBOIM-
JIV, UICTIOJIb3YSI HAyYHBbIE ITyOIUKAIIUY U3 CIIeIUAIN3U-
POBaHHBIX PECYPCOB 1 6a3bl JaHHBIX JJISI OTIPeIeIeHUS
PaBJIMYHBIX I'PYIIT HACEKOMBIX (MacIKOB, IDKeBCKUIH,
2011; https://gd.eppo.int; https:/www.researchgate.
net; http://www.sevin.ru; https://www.gbif.org; https://
ukrbin.com; http:/macroid.ru).

PE3VJIBTATBI U OBCYXKJOEHHNE

B maHHOM paszesie B paMKax MCCJIeIOBAHUN MHBa-
3MBHOM 3HTOMO(MAYHBI TIPEJICTABIEHBI PE3YJIbTATHI
CcOGCTBEHHBIX MHOTOJIETHUX HAOIIOIEeHU Y 3a TTEPUO],
¢ 2007 o 2022 r. Ha TeppuTopuu Pecriy6auku Kpbim
HaMU ObLJIO BBISIBJIEHO 37 BUA0B MHBAa3UBHBIX HACEKO-
MBbIX U3 IIECTY OTPSIOB. BoJbIas 4acTb BUJOB OTHO-
cutTcs K oTpamaM Hemiptera (16 BumoB, uinu 43,24%)
u Lepidoptera (12 BumoB, unu 32,43%). 3HAUUTEJIbHO
MeHbIIIe BUJOB MIPUHALIEXAJ0 K IPYTUM OTPIIaM:
5 BumoB u3 oTp. Coleoptera, 2 Buma us oTp. Diptera
¥ 10 OfHOMY BHUIY U3 oTp. Hymenoptera u Thysa-
noptera (13,52; 5,41; 2,7 1 2,7% COOTBETCTBEHHO)
(puc. 6).

Huke mpuBeieH MepedeHb BUIOB, KOTOPBIH
BKJIIOUAeT B cebsg mHGOPMAIIUI0 O TTOBPEXIaeMbIX
KyJIbTypaXx, XxapaKkTepe MOBpeXaeHusI, Bpeasiel gaze
HACeKOMOT0 ¥ B KOTOPOM YKa3aHbl PAaliOH U T'OJl Iep-
BOTO O6Hapy keHUs (Tab. 1). OTMeUeHbl BUbI, BKJIHO-
YeHHbIe B EQUHbBIN IepeueHb KapaHTUHHBIX 00beKTOB
EASC (https://vniikr.ru/dokumenty/epko-eaes/).

Busck, Hyphantria cunea Drury, Phthorimaea operculella
Zeller, Tuta absoluta Meyrick and Chrysodeixis chalcites
Esper.

Table 2 shows a list of quarantine phytosanitary
zones established in the Republic of Crimea and the city
of Sevastopol in 2015-2022: 9 species of quarantine
insects in the republic and 8 in the city of Sevastopol.

The largest area of quarantine phytosanitary zones
was established in the Republic of Crimea for three
quarantine harmful insects — Hyphantria cunea Dru-
ry, Halyomorpha halys Stal and Corythucha arcuata Say
(370,094.07, 197,362.0 and 50,450.363 ha, respective-
ly). In the city of Sevastopol, the largest area of quaran-
tine phytosanitary zones was established for Halyomor-
pha halys Stal, Hyphantria cunea Drury and Corythucha
arcuata Say (26,770.0,14,476.3, and 3,217.0, respective-
ly). Of the four quarantine species, two were introduced
into the peninsula relatively recently, in 2017 and 2018.

2,7

32,43

= Lepidoptera

= Coleoptera

= Hymenoptera
Diptera

= Hemiptera

® Thysanoptera

43,24

13,52

541 2,7
Puc. 6. CooTHoweHue
yy>KepopHbIX BUAOB Mo oTpsagaM  species by orders

Fig. 6. Ratio of alien
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Ta6auia 1

KapaHTHUHHbBIE 1 HEKapaHTUHHbBIE Uy:KePOAHbI€ BU/IbI HACEKOMBIX,
oGHapy:KeHHbIe B Pecity6inke KpbiM B roqpl ucciemoBanuii (c 2007 mo 2022 r.)

IToBpexaaemMbie
KYJIbTYPbI
(corsiacHo HaGOzE-

Ha3BaHue HaceKOMOro HUAM aBTOpOB)

XapakTep MUTaHUA
HaceKoMOoro
¥ Bpegaumaga pasa

Bujbl, BKJIIOUEHHbIE
B EAuHBIN IepevyeHb
KapaHTUHHbIX
06beKkToB EAJC

PaiioH u rof,
o6HapyskeHus B Kppimy

DIPTERA: CECIDOMYIIDAE

Tanmnuia riieguureBas
Dasineura gleditchiae
(Osten Sacken, 1866)

TIeIAYns
TPEXKOJIFOUKOBAST

JIMYUHKY IIOBPEXAAI0T
MOJIOJbIe TT06eTH.
l'annbl GopMUPYIOTCS
13 HepacIlyCTUBIINXCS
JIACTHEB

- IIOBCEMECTHO B MECTAX
MIPOU3PACTaHUI KOPMOBOTO
pactenus, 2008 r. (CTpiokoBa, 2016)

BenoakanueBas
nucroBas ramnuia Obolodiplosis
robiniae (Haldeman, 1847)

POGUHUS TICEBIOAKATINSA

JINYWHKU [IOBPEX AT
JIUCThS. MUHUPOBaHUE

- IIOBCEMECTHO B MECTaX
[IPOU3PACTaHUA KOPMOBOTO
pactenus, 2008 r. (CTpiokoBa, 2016)

HYMENOPTERA: ARGIDAE

VITbMOBBI# MTAJIAJIBIIUK-3UT3aT UJIbM, WU BSA3 JIOXKHOTYCEHUITbI - . CuMdepornob,

Aproceros leucopoda Takeuchi, LIepIraBbIi TIOBPEXIAIOT JIUCThS. Borcang um. H.B. Barposa,

1939 durypHoe obbeaHme 2016 . (CTprokoBa, 2016)
LEPIDOPTERA

GRACILLARIIDAE: LITHOCOLLETINAE

KalITaH KOHCKUH
0OBIKHOBEHHBI

KanrraHoBasi MUHUPYOLIAS
MOJIb, WY OXPUJICKUN MUHED,
Cameraria ohridella Deschka
and Dimic, 1986

T'YCEHUIIbI IOBPEX AT
JIUCTbSl. MUHUPOBaHME

= TIOBCEMECTHO B MeCTax
Ipou3pacTaHusg KOPMOBOI'O
pacTeHus, B KoHIIe 90-x IT. XX Beka
(CtprokoBa, 2016)

TJIaTaH BOCTOYHBIN,
WY YrHapa

[TaTaHOBast MOJIb
Phyllonorycter platani
(Staudinger, 1870)

TyCeHUIbI IIOBPEX AT
JIACTbsI. MUHUMPOBaHME

= TIOBCEMECTHO B MECTaX
IIPOX3PACTAHUSI KOPMOBOTO
pactenus, 2021 r. B Kpeimy
oTmeueHa ¢ 2004 r. (BymamkuH,
2004; BymamkuH 1 ip., 2004).

PobrHMEBasT HUKHECTOPOHHSSI
MUHUPYIONIAS MOJIb,

niy 6esloakariueBblii MUHED,
Macrosaccus robiniella

(Clemens, 1859)

po6uHUS
TICEeBI0AKAITUS

TYCEHUIIbI IOBPEX AT
JIMCThbS. MUHUPOBaHUE

= TIOBCEMECTHO B MeCTaX
IpoM3pacTaHusg KOPMOBOTO
pacteHusd, c 2019 1.

JIuTioBast MOJIb-TIECTPSIHKA
Phyllonorycter issikii (Kumata,
1963)

JIAIIa KPYITHOJIUCTHAS,
JIWTIA CEeP/IIeBUIHAST

TYCEHUIIbI TIOBPEXIAI0T
JIACTbSI. MUHUPOBaHUE.
2 TIOKOJIEHU S

— r. CuMeporiosb,
Borcap um. H.B. Barposa, 2021 1.
Brepseble ykasaHa B KpeiMy
B p-He ceyia KpacHosiecbe
Cumdepornonbckoro p-Ha B 2017 r.
(CaBuyk, Kaiiropozmosa, 2017)

GRACILLARIIDAE: ORNIXOLINAE

Po6uHMEBas BEPXHECTOPOHHSSA POOUHUSA
MUHUPYIOIIas MOJib Parectopa  TICEBLOAKaILIUs
robiniella Clemens, 1863

TYCEHUIIbI IOBPEXAI0T
JIUCThS. MUHMpPOBaHUE

- IIOBCEMECTHO B MECTaX
[IPOU3PaCTAHUA KOPMOBOTO
pacrenus, 2008 r. (CTpiokoBa, 2016)

GELECHIIDAE: GNORIMOSCHEMINI

Monb KapTodesbHas KapTodesb TYCEHHUIIBI. EASCII OBOIIHOH y4acToK, I. CuMdeponos,
Phthorimaea operculella JIMCThS U IO BI. . T. . ArpapHoe, 2021 1. BiepBbie
(Zeller, 1873) MuHUpOBaHUE ykasaHa B Kpeimy B 1981 1. (Tocy-
IaPCTBEHHOU CIIy»X6€e 110 KapaHTUHY
pacrenuii mo AP Kpbim 70 jet, 2004)
Modb 10KHOAMepPUKaHCKas TOMaT TYCEHUIIBI. EASCI rertuila, JITX, Begoropckuii p-H,
TOMaTHAas JINCThS U TJI0ABI. 2021 r., HuxHeropckuu p-H,
Tuta absoluta (Meyrick, 1917) MuHUpOBaHUE 2022 r. BuepBble 06Hapy>xeHa
B Poccun B 2010 r. (MaciasgKkos,
WxeBckuii, 2011)
NOCTUIDAE
3osoTUCTas OBYXIIATHUCTAS KyJIbTYPY yKa3aThb TYCEHUIIBL. EASCII r. CuMepornons, 1. I. T. ATpapHoe,
coBKa Chrysodeixis chalcites HEeBO3MOXXHO, TaK KakK [TOBpPEXIAIOT JIUCTh, 2021 r. Panee B KpbIiMy BuJ,

(Esper, 1789) 6a60UKY OTJIOBJIEHEI
B (pepOMOHHBIE JIO-
BYIIKY, PasMellleHHbIe

B JIECOIIOJIOCE

CTEOJIU U TIOLBI, K-
POKUM CIIEKTP KYJIbTYP-
HBIX ¥ JUKAX PACTEHUN

6b11 0O6Hapy»XeH B 2011 1.
(Bupmpryak u gp., 2011)
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IToBpexaeMbie Bupl, BKIIOUYEHHBIE
KYJIBTYPBI XapakTep NUTaHUS B EnuHbINi nepeuyeHs
(corstacHo HaGI0IE- HaCeKoMOoro KapaHTUHHBIX PaiioH u rop,
Ha3BaHue HaCeKOMOro HHSM aBTOPOB) u Bpepsamas gasa 06bexToB EA3C oGHapy:keHHs B KppiMy
TORTRICIDAE
BocTouHas miIogosxopka TIEPCUK TYCEHUIIBI. EASCII BaxumcapaliCKUi pP-H, MJI0JOBbIN
Grapholita molesta Tlo6eru u IJIOObI. caz, 2021 . BriepBble ykazaHa
(Busck, 1916) MuHUpOBaHME B Kpreimy B 1976 . (TocymapcTBeH-
HOW cJy’x0e 1o KapaHTUHY pacTe-
Hui 1o AP Kpeim 70 JsieT, 2004)
ARCTIIDAE
AMepukaHckas 6esiasg 6a6ouka KJIEH ICEHEJNUCTHBIH, T'yCEeHUIIBI. EASCII r. CuMeporons, cesio TpyzmoBoe,
Hyphantria cunea TPEeLKUH opex JlucThba. 2021 r., necormnoJioca. Briepsbie
(Drury, 1773) CkeJieTUpOBaHUE ykasana B Kpeimy B 1968 1. (Tocy-
IIapCTBEHHOM CITy>K6e 110 KapaHTUHY
pacrenuii mo AP Kpsim 70 jiet, 2004)
CRAMBIDAE
CaMmuTOBas OTHEBKA CaMIIUT JINCTBA. - ITOBCEMECTHO B MECTAX
Cydalima perspectalis BEUYHO3€EJIEHbBIH ['yCeHUIIbl MITAJIINX MIpoM3pacTaHus KOPMOBOTO
(Walker, 1859) BO3PAaCTOB — CKEJIETUPO- pacrenus, 2014 r. (CTpioKoBa,
BaHUe, CTAPIINX — IPy- CTpiokoB, 2015)
60e o0begaHme
CASTNIIDAE
[TaabMOBBIM MOTBLIEK TpaxuKapIyc ryCeHuIa. - 10xHbIl 6eper KpbiMa, I. AnTa,
Paysandisia archon dopuyHa JlucTbs, JpeBecuHa r. Anynka, 1. r. T. Cumens, ¢ 2018 1.
(Burmeister, 1880) (CtproxoBa, CTpiokos, 2020b)
COLEOPTERA
COCCINELLIDAE
Asuarckas 605Kbsi KOPOBKA KaTaJibIia OUrHOHME- XULTHUYAET B KOJIOHUAX — r. CuMdeponosb,
Harmonia axyridis BUJIHAS, TUOUCKYC TN CumMbepornonbCKul p-H,
(Pallas, 1773). CUDPUUCKU, TPyIIa Bemoropckuii p-H, IO)kHBIN 6eper
Mopdsi (1o Banyesoit, 2010):  o6bIKHOBEHHAs (COPT KpsiMa, ¢ 2013 . (CTpiokoBa, 2016)
succinea (SUC) Bepe Bock), copra po3bl
spectabilis (SPC) rubpugHON
CHRYSOMELIDAE: BRUCHINAE
Megabruchidius dorsalis TUMHOKJIQIyC IBYIOM- JIMUMHKU U UMaro - Borcan um. H.B. BarpoBa, 2021 r.
(Fahraeus, 1839) HBIN, WY GYHIYK TIOBPEXIAIOT 60OBI B 2014 r. 6b11a OGHApPYKEHA B
KaHAICKUM, WU KEH- r. CumdeporoJie u 1. T. T. Hukuta
TyKKUcKoe KodeitHoe Ha IJIeIUYUY TPEXKOJIIOUKOBOM
IepeBo, rIefnuuns (MapTbiHOB, Hukynuta, 2016)
TPEXKOJIIOUKOBAS
Bruchidius terrenus aNbOUIINA JINYUHKY TTOBPEXTAIT — r. Cumdepormons, Borcazn
(Sharp, 1886) JIEHKOpaHCKasd, ceMeHa uM. H.B. BarpoBa, 2021 1. B 2017 r.
WJIN JIEHKOPaHCKAas BUJ, BIEPBEIe i hayHbI Poccuu
aKanus 6611 06HapyskeH B KppIMy Ha riiefu-
unu (Martynov et al., 2018)
B. siliquastri Delobel, 2007 mepuuc JINYUHKY TTOBPEXTAIT — . T. T. [TapTeHuUT, IapK
eBPOIeNCKUi, ceMeHa «AliBa3oBcKoe», 2021-2022 rT.
Wiy GarpsIHHUK B 2015 r. BIepBble 119 payHbl
eBpOIeNCcKUH KpriMa 6611 06Hapy»xeH B.B. Map-
TBIHOBBIM U T.B. HukynuHo#
B KpbpIMy Ha pacTeHusax poga Cercis
(MapTeIHOB, Hukymnuna, 2015)
CHRYSOMELIDAE: CHRYSOMELINAE
Po3MapuHOBBIN JIUCTOET, po3MapuH uMmaro rpy6o oo6beaer — HOxHBIY 6eper KpbiMa, B MecTax
Chrysolina (Taeniochrysea) JIeKapCTBEHHBIH, JINCTbS U LIBETKA IIPOU3PACTaHUs KOPMOBOTO
americana (Linnaeus, 1758) WU PO3MapuH pacrenud, c 2013 1.
0OBIKHOBEHHBIN
HEMIPTERA
PHYLLOXERIDAE
duokcepa Viteus vitifoliae Ha IOJIBOSIX BUHOTPAZa JIMCTbS. EASCII OTIBITHBIN BUHOTPAZHBIN yUaCTOK,
(Fitch, 1855) Bepnanauepu x JIMYUHKYA. r. CuMmeporios, . I. T. ATpapHoe,
Punapua Ko6ep 5BB T'asiel Ha HWKHEN 2021 r. B Kpeimy ¢ 1962 1. (Tocyzmap-
CTOPOHE JIUCTA CTBEHHOM cJryK6e 110 KapaHTUHY

pacrenuii mo AP Kpeim 70 jieT, 2004)
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IToBpe:KaaemMbie Buipl, BKJIIOUEHHbIE
KYJIBTYPbI XapakTep NUTaHUS B EquHbIii nepedyeHpb
(corsmacHo Ha6I0IE- HaceKkoMoro KapaHTUHHbIX PaiioH u rop,
Ha3BaHue HaCeKOMOro HHUAM aBTOPOB) ¥ Bpeaamas gasa 06bexToB EAIC o6Hapy:keHHs B Kpeimy
COCCOIDEA: DIASPIDIDAE, COCCIDAE
SImOHCKas MaJOYKOBUIHAS posa rubpumHas, nucThs, moberu. Camku, EASC II r. CeBacTomoJib, B palioHe

muTOBKA Lopholeucaspis japonica
(Cockerell, 1897)

pobuHuS
TICeBI0aKaIys,

sC€Hb OObIKHOBEHHBIH,
BsA3 Ulmus sp.

JINYMHKY. VI3MeHeHne
OKpacKu

Bonbuioit MOpCKOM YIUILbI

U IpUjeranmux yaui, ¢ 2019 .
(CtproxoBa, CTpiokos, 2020b)
[To yCTHBIM COOBLIEHUSIM,
paHee GBI OOHAPYKEHUS

B I. CeBacToIiojue

KanudopHuiickas muToBKa 1671005 copTa PeHeT Ha rmoberax. EASCII 3a06POIIEHHBIN I6JIOHEBBIN CaT,
Quadraspidiotus perniciosus CUMUpPEHKO CaMKH, TUYUHKU. cejio ConHeuHOe, CuMbeporoib-
(Comstock, 1869) VI3MeHeHME OKPACKU. cku# p-H, 2021 1. B Kpeimy ¢ 1960 1.
VYebixanve o6eros (TocymapcTBEHHOM cy»k6e 10 Ka-
paHTUHY pacTeHui 1o AP Kpsim
70 jeT, 2004)
SInoHCcKasi BOCKOBas XypMa BOCTOYHAas, JaucThd, moberu. Camku, EASCII r. dnta, c 2015 1.
JIOKHOIIUTOBKA Ceroplastes TjIaTaH BOCTOYHBIN JUYNHKY. VI3MeHeHue (CrproxoBa, 2016)
Jjaponicus Green, 1921 OKpacKu
MHpaniickas BOCKOBas KJIEH JIJIaHEBUIHBIH, mo6eru. = r. CuMmeporos, r. EBiaTopus,
JIOXKHOIIUTOBKA Ceroplastes ¥Ba KO3bd CaMku, TUYNHKA. ¢ 2019 1. (CTtprokoBa, CTPIOKOB,
ceriferus (Fabricius, 1798) Vi3sMeHeHre OKPaCKU 2020Db)
PSEUDOCOCCIDAE
My4YHUCTBIN KaJIMHOBBIN KaJrHa JIMYUHKU 1 CAMKU. - r. sliita, 1. . T. Hukura, HUKUTCKUH
uepBel] Pseudococcus viburni JIaBPOJIUCTHAS Ha mo6Gerax, COIIBETHIX foranmueckuii caz, 2018 1. (Fypa
(Signoret, 1875) ¥ TJIOLOHOYKKAX u 1p., 2019)
MONOPHLEBIDAE: MONOPHLEBINAE
ABcTpanuickui TIATTOCIIOPYM mo6eru. = H0xHBIY 6Geper KpbiMa, B MecTax
JKeJI00YaThIN YEPBEL] Tobupa, Tpaxukaprnyc  CaMKu, TUYUHKHU. TIpou3pacTaHus KOPMOBOTO
Icerya purchasi Maskell, 1879 dopuyHa, aTbouILnS Vi3MeHeHVe OKPACKU. pacrteHusd, ¢ 2019 1.
JIEHKOPaHCKasa U Jp. I'nbenb pacTeHUs ITo panubiM H.H. Tpukos, ¢ 2010 .
KYJIBTYPBI (Tpukos, 2017)
PSYLLIDAE
AnpbuiiueBas (MIMO3HAas) anbOUIIs JINCThS. - r. Cumdeporob
nucTobJiomKa Acizzia jamatonica JIeHKOpPaHCKad, ViMaro, TUYUHKU. u CuMbepornosbCKuii p-H, . AiTa,
(Kuwayama, 1908) WUJIN JIEHKOPaHCKas CouBeTwus, maogsl. 13- . T. T. Popoc, . CeBacTomob,
aKaiuga MeHeHUe OKpacku. Ha ¢ 2011 1. (CrprokoBa, CTPIOKOB,
MeJBSIHOU poce 1ocesi- 2012; CtprokoBa, 2016)
FOTCS CaXKHUCThIE TPUGHI.
CHMW)XaeTcs IeKopaTuB-
HOCTb PACTEHUS
PENTATOMIDAE
KopuuHeBO-MpaMOPHBIN KJIONI ~ KaTajbIla JUCTh4, Iogel. imaro, EA3CI r. CuM(eporios,
Halyomorpha halys OUTHOHMEBUTHAS JIMUUHKY. VI3MeHeHue CumMbepornonabckuii p-H, T. AT,
(Stal, 1855) OKpacKu, HeKpo3 . Kepus, . CeBacTomonsb, ¢ 2018 1.
(CrproxoBa, CTpiokos, 2019)
HOKHBIN 3€JIEHbIN UTHUK aMapaHT, WY UUPUIA  JIUCThS, GYTOHBL, IJIOABI. — r. CuMeporiob,
Nezara viridula MeTeJbdaTas, THbHUcKyc KMaro, TMYuHKH. Borcap um. H.B. Barposa, ¢ 2018 1.
(Linnaeus, 1758) CUPUNCKUT Vi3MeHeHVEe OKPACKU (CtprokoBa, CTpiokoB, 2020b)
LYGAEIDAE
Kion Oxycarenus lavaterae IrUOMCKYC CUDUMCKUI,  NHUTAITCT HA OyTOHAaX  — HukHeropckui p-H,
(Fabricius, 1787) JIUIA KPYITHOJIUCTHASA U B CEMEHHBIX KOpo60u- r. CuMmeporiob,
Kax rubuckyca. Bosb- Borcap um. H.B. Barposa, ¢ 2020 T.
1IKe CKOTLJIEHUS TTEPe (CtprokoBa, CTpiokoB, 2020b;
3MMOBKOM OTMEYEeHbI CtpiokoBa, CTpoKoB, 2021)
Ha Kope auIbl. Knagku
SIAT], OOHAPY)KEeHBI B CTa-
PBIX MUHAX JIUTIOBOM
MOJIU-TIECTPSHKU
COREIDAE
COCHOBBIV CEMEHHOM KJIOTI COCHA KpbIMCKas nMaro, TNYUHKA. EASCI IIOBCEMECTHO B MeCTax

Leptoglossus occidentalis
Heidemann, 1910

[TutarTcsa cokaMu
pacTeHus, Ha oberax
Y IIUIIKaX

IIPOX3pacTaHusI KOPMOBOTO
pacrenus, 2021 r. B Kpeimy
¢ 2010r. (Tammosn, 2012)
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Ha3zBaHue HacekoMoOro

IToBpexgaembie
KYJIBTYPbI
(corsracHo HaGIIOIE-
HHUAM aBTOPOB)

Buppbl, BKIIOUEHHbBIE

XapakTep NUTaHUS
HaCceKoMOoro
U Bpensamas asa

B EnuHbIN IepeuyeHb
KapaHTUHHBIX
06beKkToB EAJC

PaiioH u rop,
o6HapyskeHus B Kppimy

Gonocerus juniperi
Herrich-Schaeffer, 1839

Tys 3amagHas
copta Cmaparz,

JIMYMHKN 1 UMaro -
IINTAKTCA COKaMU

BIIEPBBIE COOOIIEHYE O HAXO/IKE
B KpbiMy 13 I. EBIIATOPUM:

MOXK)KEBEJIbHUK pacTeHus, Ha rmoberax A. lllexoB110B, 2007 T. (https://ukrbin.
TOPU30HTAJIbHBIN U MIUIIKaX com); B I. Cumdepormoie,
(dbopma cuzas), kutma- 110 HaIllUM HabJogeHuaM, ¢ 2016 T.
PUC BEUHO3EJIEHbIN BcTpeuaeTrcs penko
TINGIDAE
Kiom mmaTaHoBas TJIaTaH BOCTOYHBIM JINUUHKY U UMaro EASCII TMOBCEMECTHO B MeCTaX IIpou3pac-
KPY>KeBHUIIA TIOBPEX/IAI0T JINCTHSI. TaHUS KOPMOBBIX PACTEHUH POJia
Corythucha ciliata (Say, 1832) V3aMeHeHUe OKpacKu Platanus, ¢ 2007 1. (CTptokosa, 2009;
CTprokoBa, 2014)
Iy6oBasi Kpy>KeBHUIIA y6 UepeuryaThil, IUla JUIYUHKYU U IMaro EASCI IIOBCEMECTHO B MeCTax
C. arcuata (Say, 1832) KPYITHOJIKCTHAS TIOBPEX/IAI0T JIUCThS. IpoM3pacTaHusg KOPMOBBIX
V3MeHeHMe OKpacKu pacrenuii pozma Quercus, c 2017 1.
(CtpioxoBa u zip., 2019)
FLATIDAE
Llukanka 6esas, DyHIYK, KU, JIMYVHKY ¥ UMaro - r. CuMeponosb,
WY IUKaJIKa [IUTPYyCoBas, BUHOIDAJ, KaJuHa, TIOBPEXAI0T JIUCThS Cumdepomnonbekuii p-H, ¢ 2018 T
Metcalfa pruinosa (Say, 1830) CMOPOJVHA, MAJIMHA, u nnoberu. iaMeHeHTE (CtproxoBa, CTpiokoB, 2020a;
PO3bl, TOPTEH3US, OKpacKu, pacTpecKuBa- CrpioxoBa, CTpiokos, 2020b)
TLTIOI, TUOUCKYC, HYe KOphl. Beyencraue
Belresa, KaJuCTerus, IHUTaHWA HA pacTe-
MIMOH, XpU3aHTeMa, HHU OCTal0TCs besible
OpyHHEpA, pynbexus, BOCKOBbIE HUTHU. Ha
pO3MapyH, CMOPOJUHA, KaIlIsIX MeIBSIHOHN POCHI
aHeMOHa SATIOHCKad, TIOCEJISIIOTCS CAXKUCThIE
aKBUJIerus, 6asmink, rpubbI
TpaJleCKaHIINs, JIUIa
KPYIHOJIVCTHAS
XOCTBI, TepaHb, IIBETOHOCHI
BepOeHHUK, GyKBUIIA
THYSANOPTERA: THRIPIDAE
3amagHbIN IIBETOYHBIHN TOMAaT JIMYUHKU U UMaro EASCII Terna, JIIX,

(kanudOpHUICKUI) TPUTIC
Frankliniella occidentalis
(Pergande, 1895)

MTOBPEX/AIOT JINCTH,
Iozibl. VisMeHeHue
OKpacKu B Buzie cepet-
PHUCTBIX IITPUXOBATHIX
y4aCTKOB

Benoropckwuii p-H, 2021 r. B Poccun
BBISIBJIEH B TETIMIIAX B KOHIIE
1980-x — Hauaje 1990-X I'T.
(BaHOBa, Besukaub, 1991)

Table 1

Quarantine and non-quarantine alien insect species detected
in the Republic of Crimea during the years of research (from 2007 to 2022)

The nature Species included
Damaged crops of the nutrition in the Common List
(according to the authors’ of the insect of Quarantine Objects Area and year
Insect name observations) and the harmful phase of the EAEU of detection in Crimea

DIPTERA: CECIDOMYIIDAE

Dasineura gleditchiae
(Osten Sacken, 1866)

Gleditsia triacanthos L.

larvae damage young =
shoots.

Galls form

from unopened leaves

everywhere in host plant habitats,
2008 (Stryukova, 2016)

Obolodiplosis robiniae
(Haldeman, 1847)

Robinia pseudoacacia L.

larvae damage the leaves. —
Mining

everywhere in host plant habitats,
2008 (Stryukova, 2016)

HYMENOPTERA: ARGIDAE

Aproceros leucopoda
Takeuchi, 1939

Ulmus glabra Huds.

false larvae damage leaves. —
Shape eating

Simferopol, N.V. Bagrov Botanical
Garden, 2016 (Stryukova, 2016)

LEPIDOPTERA
GRACILLARIIDAE: LITHOCOLLETINAE

Cameraria ohridella
Deschka and Dimic¢,
1986

Aesculus hippocastanum L. caterpillars damage leaves. —

Mining

everywhere in host plant habitats,
in the late 90s of the XX century
(Stryukova, 2016)
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Table 1. Continue

Damaged crops
(according to the authors’

The nature
of the nutrition
of the insect

Species included
in the Common List
of Quarantine Objects

Area and year

Insect name observations) and the harmful phase of the EAEU of detection in Crimea
Phyllonorycter platani Platanus orientalis L. caterpillars damage leaves. — everywhere in host plant habitats,
(Staudinger, 1870) Mining 2021. Recorded in Crimea since 2004
(Budashkin, 2004; Budashkin et al.,
2004).
Macrosaccus robiniella Robinia pseudoacacia L. caterpillars damage leaves. — everywhere in host plant habitats,
(Clemens, 1859) Mining since 2019
Phyllonorycter issikii Tilia platyphyllos Scop., Tilia  caterpillars damage leaves. - Simferopol, N.V. Bagrov Botanical
(Kumata, 1963) cordata Mill. Mining. Garden, 2021. First recorded in
2 generations the Crimea near the village of
Krasnolesye, Simferopol district in
2017 (Savchuk, Kaigorodova, 2017)
GRACILLARIIDAE: ORNIXOLINAE
Parectopa robiniella Robinia pseudoacacia L. caterpillars damage leaves. — everywhere in host plant habitats,
Clemens, 1863 Mining 2008 (Stryukova, 2016)
GELECHIIDAE: GNORIMOSCHEMINI
Phthorimaea operculella  Solanum tuberosum L. caterpillars. EAEU II vegetable plot, Simferopol, Agrarnoe,
(Zeller, 1873) Leaves and fruits. 2021. First recorded in Crimea in
Mining 1981 (State Plant Quarantine Service
of the Autonomous Republic of
Crimea is 70 years old, 2004)
Tuta absoluta Solanum lycopersicum L. caterpillars. EAEU I greenhouse, household plot,
(Meyrick, 1917) Leaves and fruits. Belogorsky district, 2021,
Mining Nizhnegorsky district, 2022.
First discovered in Russia in 2010
(Maslyakov, Izhevsky, 2011)
NOCTUIDAE
Chrysodeixis chalcites it is impossible to indicate caterpillars. EAEUII Simferopol, Agrarnoye, 2021.

(Esper, 1789)

the culture, because the
moths were caught in
pheromone traps placed
in the forest belt

Damage leaves, stems
and fruits, a wide range
of cultivated and wild plants

Previously, the species was found in
Crimea in 2011
(Bidychak et al., 2011)

TORTRICIDAE
Grapholita molesta Prunus persica caterpillars. EAEU II Bakhchisaray district, orchard, 2021.
(Busck, 1916) (L.) Batsch Shoots and fruits. Mining First listed in the Crimea in 1976
(The State Plant Quarantine Service
of the Autonomous Republic of
Crimea is 70 years old, 2004)
ARCTIIDAE
Hyphantria cunea Acer negundo L., caterpillars. EAEUII Simferopol, the village of Trudovoye,

(Drury, 1773)

Juglans regia L.

Leaves. Skeletization

2021, lesopolosa.

First listed in the Crimea in 1968
(The State Plant Quarantine Ser-
vice of the Autonomous Republic
of Crimea is 70 years old, 2004)

CRAMBIDAE

Cydalima perspectalis

(Walker, 1859)

Buxus sempervirens L.

leaves. =
Caterpillars of younger in-
stars — skeletization, older
ones — rough overeating

everywhere in host plant habitats,
2014 (Stryukova, Stryukov, 2015)

CASTNIIDAE

Paysandisia archon

Trachycarpus fortunei

(Burmeister, 1880)

caterpillar. -
Leaves, wood

Southern coast of Crimea, Yalta,
Alupka, settlement Simeiz, since
2018 (Stryukova, Stryukov, 2020b)

COLEOPTERA

COCCINELLIDAE

Harmonia axyridis

(Pallas, 1773).

Morphs (according to

Balueva, 2010):
succinea (SUC)
spectabilis (SPC)

Catalpa bignonioides Walter,
Hibiscus syriacus L., Pyrus com-
munis L. (Variety Bere Bosk),
hybrid rose varieties

predation in aphid colonies —

Simferopol, Simferopol district,
Belogorsky district, Southern coast
of Crimea, since 2013

(Stryukova, 2016)
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Table 1. Continue

Damaged crops
(according to the authors’

The nature
of the nutrition
of the insect

Species included
in the Common List

of Quarantine Objects Area and year

Insect name observations) and the harmful phase of the EAEU of detection in Crimea
CHRYSOMELIDAE: BRUCHINAE
Megabruchidius dorsalis ~ Gymnocladus dioicus (L.), larvae and adults damage - Bagrov Botanical Garden, 2021.
(Fahraeus, 1839) Gleditsia triacanthos L. beans In 2014, it was found in the city of
Simferopol and the urban settlement
of Nikita on Gleditsia triacanthos
(Martynov, Nikulina, 2016)
Bruchidius terrenus Albizia julibrissin Durazz. larvae damage seeds - Simferopol, N.V. Bagrov Botanical
(Sharp, 1886) Garden, 2021.In 2017, for the first
time for the fauna of Russia, the
species was found in the Crimea on
honey locust (Martynov et al., 2018)
B. siliquastri Delobel, Cercis siliqguastrum L. larvae damage seeds - Urban settlement Partenit,
2007 Aivazovskoye park, 2021-2022.
In 2015, V.V. Martynov and T.V. Nikuli-
na in the Crimea on plants of the genus
Cercis (Martynov and Nikulina, 2015)
CHRYSOMELIDAE: CHRYSOMELINAE
Chrysolina Rosmarinus officinalis L. imago roughly eats leaves  — Southern coast of Crimea,
(Taeniochrysea) americana and flowers in host plant habitats, since 2013
(Linnaeus, 1758)
HEMIPTERA
PHYLLOXERIDAE
Daktulosphaira vitifoline  on rootstocks of grapes leaves. EAEUII Experimental vineyard plot,
(Fitch, 1855) Berlandieri x Riparia Kober Larvae. Simferopol, urban settlement
5BB Galls on the underside Agrarnoye, 2021. In Crimea since
of the leaf 1962 (State Plant Quarantine Service
of the Autonomous Republic of
Crimea is 70 years old, 2004)
COCCOIDEA: DIASPIDIDAE, COCCIDAE
Lopholeucaspis japonica  hybrid rose, leaves, shoots. Females, EAEUII Sevastopol, in the area of Bolshaya
(Cockerell, 1897) Robinia pseudoacacia L., larvae. Color change Morskaya Street and adjacent streets,
Fraxinus excelsior L., since 2019 (Stryukova, Stryukov,
Ulmus sp. 2020b). According to oral reports, earli-
er there were detections in Sevastopol
Quadraspidiotus apple tree variety Renet on shoots. EAEU II Abandoned apple orchard, Solnech-
perniciosus Simirenko Females, larvae. Color noye village, Simferopol district,
(Comstock, 1869) change. Drying of shoots 2021.In Crimea since 1960 (State
Plant Quarantine Service of the
Autonomous Republic of Crimea
is 70 years old, 2004)
Ceroplastes japonicus Diospyros kaki Thunb., Plata-  leaves, shoots. Females, EAEUII Yalta, since 2015 (Stryukova, 2016)
Green, 1921 nus orientalis L. larvae. Color change
Ceroplastes ceriferus Acer palmatum Thunb., Salix  shoots. = Simferopol, Evpatoria, since 2019
(Fabricius, 1798) caprea L. Females, larvae. (Stryukova, Stryukov, 2020b)
Color change
PSEUDOCOCCIDAE

Pseudococcus viburni Viburnum tinus L.

(Signoret, 1875)

larvae and females.
On shoots, inflorescences
and stalks

- Yalta, urban settlement Nikita,
Nikitsky Botanical Garden, 2018
(Guraetal., 2019)

MONOPHLEBIDAE: MONOPHLEBINAE

Icerya purchasi Maskell,  Pittosporum tobira, Trachycar- shoots. = The southern coast of Crimea,
1879 pus fortunei, Albizia julibrissin ~ Females, larvae. in host plant habitats, since 2019.
Durazz. and others Color change. According to N.N. Trikoz,
plant death since 2010 (Trikoz, 2017)
PSYLLIDAE
Acizzia jamatonica Albizia julibrissin Durazz. leaves. - Simferopol and Simferopol district,

(Kuwayama, 1908)

Imagoes, larvae. Inflores-

cences, fruits. Color change.

Sooty mushrooms grow
on honeydew. Reduced
decorativeness of the plant

Yalta, Foros settlement, Sevastopol,
since 2011 (Stryukova and Stryukov,
2012; Stryukova, 2016)
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Table 1. Continue

Damaged crops
(according to the authors
observations)

Insect name

The nature

of the nutrition

of the insect

and the harmful phase

Species included

in the Common List
of Quarantine Objects
of the EAEU

Area and year
of detection in Crimea

PENTATOMIDAE

Halyomorpha halys
(Stél, 1855)

Catalpa bignonioides Walter

leaves, fruits. Imago, larvae. EAEU I
Discoloration, necrosis

Simferopol, Simferopol district,
Yalta, Kerch, Sevastopol, since 2018
(Stryukova, Stryukov, 2019)

Amaranthus L.,
Hibiscus syriacus L.

Nezara viridula
(Linnaeus, 1758)

leaves, buds, fruits. -
Imago, larvae. Color change

Simferopol, N.V. Bagrov Botanical
Garden, since 2018 (Stryukova,
Stryukov, 2020b)

LYGAEIDAE

Oxycarenus lavaterae Hibiscus syriacus L.,

feed on buds and in -

Nizhnegorsky district, Simferopol,

(Fabricius, 1787) Tilia platyphyllos Scop. hibiscus seed pods. Large N.V. Bagrov Botanical Garden,
accumulations before since 2020 (Stryukova and Stryukov,
wintering are noted 2020Db; Stryukova and Stryukov,
on the linden bark. 2021)

Ovipositions found in old
mines of lime leaf miner
COREIDAE

Leptoglossus Pinus nigra subsp. pallasiana  adults, larvae. They feed EAEUI everywhere in host plant habitats,

occidentalis (Lamb.) on plant juice, shoots and 2021. In the Crimea since 2010

Heidemann, 1910 cones (Gapon, 2012)

Gonocerus juniperi Thuja occidentalis L. adults, larvae. They feed - First reported in the Crimea from

Herrich-Schaeffer, 1839 variety Smaragd, Juniperus on plant juice, shoots the city of Evpatoria: A. Shekhovtsov,

horizontalis Moench, and cones 2007 (https://ukrbin.com);
Cupressus sempervirens L. in Simferopol, according to our
observations, since 2016. Rare
TINGIDAE
Corythucha ciliata Platanus orientalis L. larvae and adults damage  EAEU II Everywhere in host plant habitats,
(Say, 1832) leaves. Color change the genus Platanus, since 2007
(Stryukova, 2009; Stryukova, 2014)
C. arcuata Quercus robur L., Tilia larvae and adults damage EAEUI Everywhere in host plant habitats,
(Say, 1832) platyphyllos Scop. leaves. Color change the genus Quercus,
since 2017 (Stryukova et al., 2019)
FLATIDAE
Metcalfa pruinosa Corylus avellana, larvae and adults damage - Simferopol, Simferopol district,
(Say, 1830) Cornus mas L., Vitis L., leaves and shoots. since 2018 (Stryukova, Stryukov,
Viburnum opulus L., Ribes L., Discoloration, cracking 2020a; Stryukova, Stryukov, 2020b)
Rubus idaeus L., Rosa L., of the bark. As a result
Hydrangea L., Hedera L., of nutrition, white wax
Hibiscus L., Weigela Thunb., threads remain on the
Calystegia R. Br., Paeonia L., plant. Sooty mushrooms
Chrysanthemum L., settle on drops of honeydew
Brunnera Stev., Rudbeckia L.,
Rosmarinus officinalis L.,
Eriocapitella japonica
(Thunb.) Nakai,
Aquilegia L., Ocimum L.,
Tradescantia Ruppius ex L.,
Tilia platyphyllos Scop.
Hosta Tratt., Geranium L., flower spikes
Lysimachia L.,
Betonica officinalis L.
THYSANOPTERA: THRIPIDAE
Frankliniella Solanum lycopersicum L. larvae and adults damage EAEUII greenhouse, private household plot,
occidentalis leaves and fruits. Color Belogorsky district, 2021.

(Pergande, 1895)

change in the form of
silvery streaked areas

In Russia, it was found

in greenhouses in the late
1980s — early 1990s
(Ivanova, Velikan, 1991)
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Ta6suna 2

ITepeyeHb KAPAHTUHHBIX (DUTOCAHUTAPHBIX 30H, yCTAHOBJIEHHBIX
B Pecniy6sirike Kpbim u 1. CeBacTomnosie B 2015-2022 rr.t

Table 2

List of quarantine phytosanitary zones established
in the Republic of Crimea and Sevastopol in 2015-2022*

N¢ KapaHTUHHBIHI BUJ,
n/u Quarantine species

HaceJsieHHbIE IIYHKTbI

KapaHnTuHHasa
¢uTocaHMTApHAdA 30HA, ra
Quarantine

Settlements

phytosanitary zone, ha

PECIIYBJINKA KPBIM REPUBLIC OF CRIMEA
1 AMepukaHckag 6esnas - Baxuucapaiickuit palion - Bakhchisaray district 370 094,07
6abouka - I. ADMSTHCK - Armyansk
Hyphantria cunea Drury - . KpacHOIIepeKoIcK - Krasnoperekopsk
- TOpPOJICKOM OKPyT CuMdepornoas - city district of Simferopol
- [I)KaHKOUMCKUN PaioH - Dzhankoy district
- KupoBckuii paion - Kirovsky district
- KpacHorBap/ieickuii paiioxn - Krasnogvardeisky district
- KpacHomepekorickuii paiton - Krasnoperekopsky district
- JleHWHCKNY PatioH - Leninsky district
- HwxHeropckuii paiion - Nizhnegorsky district
- [lepBOMaMiCcKuUil PaioH - Pervomaisky district
- PazmonbHEHCKUI paiioH - Razdolnensky district
- CakcKui parioH - Saksky district
- CuMbepOoIoIbCKUY PatioH - Simferopol district
- CoBeTCKUM parioH - Soviet district
- YepHOMOPCKU PAaiOH - Chernomorsky district
- . T. . KpacHorBapzerickoe - Krasnogvardeyskoye
2 BocTouHag IIOA0XKOPKa - Baxuucapaiickuii paiion - Bakhchisaray district 5177,2
Grapholita molesta Busck - I)KaHKOMCKUI palioH - Dzhankoy district
- CuMdeporoybCKuii paiioH - Simferopol district
3 3amafHBIHM IIBETOYHBIN - Besoropckuii paiioH - Belogorsky district 14,88
(xamuOPHUNCKUI) TPUIIC - CuM(eporIoNbCKUMA parioH - Simferopol district
Frankliniella occidentalis Pergande
4  KaprodenabHas MOJb - I)KaHKOMCKUI palioH - Dzhankoy district 6549,5
Phthorimaea operculella Zeller - Cakckui paiioH - Saksky district

- CuM(eporoNbCKUi palioH

- Simferopol district

5 IO)XHOaMepuKaHCKas - Besloropckuii paiios - Belogorsky district 32,8078 ra ha
TOMaTHas Mosb Tuta absoluta Meyrick - CakcKuil palioH - Saksky district 2 250 M2 m?
6 KopuuHeBO-MpPaMOPHBIM KJIOT - Baxumncapaiickuii paiioH - Bakhchisaray district 197 362,0
Halyomorpha halys Stal - . Kepub - Kerch
- TOPOJICKOM OKPYyT CuMdepomnonb - city district of Simferopol
- CuMdeporoNbCKUi parioH - Simferopol district
- 11. T. T. JJeHuHo, JIEHMHOBO cejibcKkoe - Lenino, Leninovo rural
mocejeHue, JIeHUHCKUM parioH settlement, Leninsky district
7  Kiomn ny6oBas Kpy>KeBHUIIA - TOPOJICKO#M OKpyT CuMdepoIioab - city district of Simferopol 50 450,363
Corythucha arcuata Say - CuMbepOonoIbCKU PAalioH - Simferopol district
- TOPOJICKOM OKPYT SAnTa - city district of Yalta
8 [IlnaTaHoBas Kpy>KeBHUIIA - Baxumcapatickuii paitoH - Bakhchisaray district 7 670,0
Corythucha ciliata Say - TOPOJICKOM OKPYT SnTa - city district of Yalta
9 KanudopHuUicKasa IUTOBKA - Baxumncapatickuii paiioH - Bakhchisaray district 79,0
Quadraspidiotus perniciosus Comst.
r. CEBACTOIIOJIb SEVASTOPOL
10 Kiom my60oBas Kpy>KeBHHUIIA BanakmaBCcKU# Balaklava 1376,0
Corythucha arcuata Say u HaxumoBckuit MO? and Nakhimovsky MD?
11 T[lmaTaHOBasg KPy>XeBHUIA r. CeBacTonoiab Sevastopol 3217,0
Corythucha ciliata Say
12 Kopm4yHEBO-MPaMOPHBIH KIIOII Haxnmosckuit MO Nakhimovsky MD 26 770,0
Halyomorpha halys Stél
13 CoCHOBBIY CEMEHHOM KJIOIT r. CeBacTonoib Sevastopol 2 440,0
Leptoglossus occidentalis Heidemann
14 @umnokcepa Viteus vitifoliae Fitch HaxumoBcKuii p-H Nakhimovsky district 1030,0
15 AmepukaHckas 6enas 6ab6ouka r. CeBacTonoJb Sevastopol 14 476,3
Hyphantria cunea Drury
16 BocToYHas IJIOAOXKOPKA Kauunckuit MO Kachinsky MD 240,8
Grapholita molesta Busck BepxHecamoBckuit MO Verkhnesadovsky MD
17 KaprodenbHasg MOJIb r. CeBacToIob Sevastopol 19,0

Phthorimaea operculella Zeller

1 CornacHo gaHHbIM, pa3MeLLleHHbIM

Ha ohmumanbHoOM canTe Poccenbxo3Haasopa

26 mas 2022 r. (https://fsvps.gov.ru).
2 MO — MyHULMNANbHbIV OKPYT.

* According to data posted on the official website
of the Rosselkhoznadzor on May 26, 2022.

(https://fsvps.gov.ru).
2MD — municipal district.

dutocaHuTapusi. KapaHTUH pacTeHuii

28



MOHUTOPUHI  MONITORING

Vi3 37 BUIOB UyXXePOIAHBIX HACEKOMBIX, 06HA-
PYXXeHHBIX B X0/ie (GUTOCAHNTAPHOTO MOHUTOPUHTA
CeJIbCKOX03SIUCTBEHHBIX, JJECHBIX U TeKOPATUBHBIX
HacaxJeHu#, 14 BUAOB BKJIIOUEHBI B ENUHBIN ITepe-
YeHb KaPAHTUHHBIX 06beKTOB EASC: KanugopHuN-
cKas U ITIOHCKas ITaJIOUKOBUAHAS IIUTOBKY, ATIOHCKAsT
BOCKOBAas JIOXKHOIIMTOBKA, KOPUUYHEBO-MPaMOPHBIHA
KJIOTI, COCHOBBIM CEMEHHOM KJIOM, y6oBas M mjiaTa-
HOBas KPY>XeBHUIIbI, 3aTIa{HbIN 1IBETOUHBIN TPUIIC,
(brtokcepa, BOCTOUHAS ILJIOL0XKOPKA, aMepHUKaHCKAas
6esas 6abouka, KapToheabHas MOJIb, IOKHOAMEPUKAH-
CcKas TOMaTHAas MOJIb U 30JI0TUCTAs ABYXIISITHUCTAS
COBKa.

B Tabauie 2 mpuBeAeH CIIMCOK KapaHTUHHBIX
(buToCcaHUTApPHBIX 30H, YCTAHOBJIEHHBIX B Pecrybsu-
ke KpbiM u 1. CeBactomnogie B 2015-2022 rr.: 9 BU0B
KapaHTUHHBIX HACEKOMBIX 10 PEeCITy0JuKe U 8 — 10
r. CeBacTOIIOMIO.

HawGoJibIas rIomamnb KapaHTUHHBIX (UTOCAHH-
TapHBIX 30H yCTaHOBJIEHA B Pecrtybirike KpbIM 110 TpeM
KapaHTUHHBIM BPEAHBIM HAaCEKOMBIM — aMepPUKaH-
CKO¥ 6esott 6a60uKe, KOPUYHEBO-MPAaMOPHOMY KJIOITY
U KJo1ry ny6oBoit kpykeBHuIle (370 094,07,197 362,0
u 50 450,363 ra cCOOTBETCTBEHHO). B . CeBacToIIoJie
HauOOJIbINAS IIJIOMIALb KAPaHTUHHBIX (DMTOCAHUTAP-
HBIX 30H YCTAaHOBJIE€HA 10 KOPUUYHEBO-MPAMOPHOMY
KJIOMYy, aMepUKaHCKoU 6enol 6abouke U KJIOIY I1jia-
TAaHOBOU KpyxeBHUIe (26 770,0, 14 476,3 u 3 217,0
COOTBETCTBEHHO). M3 YeThIpeX KapaHTUHHBIX BUIOB
JIBa TIPOHUKJIU Ha TI0JIyOCTPOB CPAaBHUTEJIBHO HEJlaB-
HO—-B 2017 1 2018 rT.

3AKJIIOYEHUME

[TpoHUKHOBEHUE PALA YyKEePOLHBIX BULOB HA Tep-
puTtopui Pecnybnuku KpbIM, X CTPEMUTENbHOE
PasMHOXeHUe U PaclpoCcTpaHeHUe Ha MI0JIyOCTPOBe
TPeb6yIoT IIPOBENEeHNS €XKETOLHBIX IeTaJIbHBIX 06CIe-
JIOBAaHUM TEPPUTOPUH C 11eJIbI0 U3YUEHS COBPEMEH-
HOTO COCTOSHMS TOMYJSIIUN, a TakxXe pa3paboTku
Y TIPOBEJEeHUS 3aIUTHBIX MEPOIIPUSITHUN IJIT HOBBIX
U yyKe UMEIOIIMXCS 0UaroB BpeiuTeNeNn.

Bnazodaprocms. ABTOPHI BEIPaXkaloT GJaromap-
HOCTb BeyllleMy Hay4YHOMY COTPYILHMKY POCTOBCKOTO
bunuana ®rEY «BHUUKP» [I.T. KacaTkuHy 3a MOJ-
TBEPXKIEHUE OTIPe/IeJIEHHBIX HAMU BUJIOB 36 PHOBOK.
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CONCLUSION

The introduction of some alien species into the territory
of the Republic of Crimea, their rapid reproduction and
spread on the peninsula require annual detailed surveys
of the territories in order to study the current state of the
populations, as well as to develop and implement pro-
tective measures for new and existing pest outbreaks.
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AHHOTALIUA
Bo36yauTenb MATHUCTOCTHU JIUCThEB KyKypPy3bl Coch-
liobolus carbonum R.R. Nelson (= Bipolaris zeicola (Stout)
Shoemaker) — KapaHTUHHBIN BPeIHBIN OPTaHU3M I
Poccutickoit Pemepaliuu U psaga IPyrux CTpaH, CIIo-
COOHBIN MHDUIIMPOBATH HE TOJBKO 3JIaKOBBIE KYJIbTY-
PBI, HO U IPyTUe CeJIbCKOX03IMCTBEHHbBIE PACTEHUS.
Bup pacnpocTpaHeH BO MHOTUX PETMOHAX BO3MEJIbI-
BaHUS KYKypy3bl Ha BCEX KOHTUHEHTAX, 00JIaJlaeT BbI-
COKOM BPEIOHOCHOCTBIO IIPU OTIPEIeJIEHHBIX YCIOBUSX
OKpY’Kalolel cpeibl, BbI3bIBAs MAaCCOBbIe BTIU(UTO-
TUU U TSDOKEJIble TTOPaKeHU KYJIbTYPHBIX PACTEHUH.
BBo3uMas MmojKapaHTUHHAS CeMeHHas MPOAYKIUI
pacTeHu# KyKypysbl (Zea mays L.) HeceT BBICOKU
(buToCcaHUTAPHBIN PUCK IIPOHUKHOBEHUS NHBA3UB-
HBIX BUJIOB Ha TeppuTOpuio PP 1 nx pacmpocTpaHe-
HUs Ha Hel. [103TOMY CBOeBpeMeHHas NUarHOCTUKA,
OCHOBaHHas Ha IIPaBUJILHOM II0X0Je IPUMEHEeHHU
METO/IOB BBISBJIEHUS U UAECHTU(PUKAIINY KapaHTUH-
HBIX BPEeIHbIX OPTAaHU3MOB, SIBJISIETCSI BaXXHBIM KPU-
TepreM MUKOJIOTUYEeCKUX HCCIeJoBaHUll. B cTaTbe
IIpeICcTaBJIeHbl JaHHble 0 Bumax poxa Cochliobolus,
BBISIBJIEHHBIX M3 MOAKaPaHTUHHOTO MaTepuaja pac-
TEHUU KyKypy3bl B x0Jle 1abopaTOPHBIX KUCCIeL0Ba-
Hui 3a nmepuon 2017-2021 rr. [IpoBemeHa ampob6a-
U MeToJa KJIaCCUUYeCKOH IMOoJIUMepPasHOU IIeMHON
peaxkiuu (ITLIP) c npuMeHeHUeM BUIOCHEIM(PUIHBIX
npaiiMepoB (Bz-F/Bz-R), paspaboranubix Kang et al.
B xofie ncciieqoBaHU onpeeseHbl paboune KpuTe-
puH, TI0 KOTOPBIM YCTAHOBJIEHO, YTO U3yUyaeMas TECT-
cucTeMa XapaKTePU3yeTCs BICOKOM aHAIMTUYECKOU
YYBCTBUTEJIbHOCTBIO U CIIEIM(PUUHOCTHIO U ITPUMe-
HMUMa IJis IPOBeIeHUs 1abopaTOPHOTO KCCIeL0Ba-
HUS KapaHTUHHOTO BUa B. zeicola B mocTymnawuien
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ABSTRACT
Leaf blight of maize Cochliobolus carbonum R.R. Nelson
(= Bipolaris zeicola (Stout) Shoemaker) is a quarantine
pest for the Russian Federation and some other coun-
tries, capable of infecting not only cereals, but also oth-
er agricultural plants. The species is spread in many
regions of corn cultivation on all continents, has a high
harmfulness under certain environmental conditions,
causing massive epiphytoties and severe damage to
cultivated plants. Imported regulated seed products
of corn plants (Zea mays L.) poses a high phytosanitary
risk of introduction of invasive species into the Russian
Federation and their spread within it. Therefore, timely
diagnosis, based on the correct approach to the appli-
cation of methods for the detection and identification of
quarantine pests, is an important criterion for mycolo-
gical research. The article presents data on the species
of the genus Cochliobolus detected from regulated corn
plants in the course of laboratory studies for the period
2017-2021. The classical polymerase chain reaction
(PCR) method was tested using species-specific prim-
ers (Bz-F/Bz-R) developed by Kang et al. In the course
of the research, working criteria were determined, ac-
cording to which it was found that the test system un-
der study is characterized by high analytical sensitivity
and specificity and is applicable for laboratory testing
of the quarantine species B. zeicola in incoming regulat-
ed corn plants. The article also describes the classical
cultural and morphological methods for identifying the
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MOJKAPAHTUHHOW MPOAYKIIUYM PACTEHUN KYKYpPY3bl.
Tak’ke B CTaTbe OIMMCAHBI KJIACCUYECKUE KYJIbTyPaJib-
HO-MOpPdoJIoruYecKre METOIbI UIEHTU(MUKAIIUY BUIA
B. zeicola, TpOBeJleH reHETUYECKUY aHAIU3 U30JISITOB
110 YYaCTKy BHYTPEHHETO TPAHCKPUOUPYEMOTO CIIeH-
cepa ITS4-5, 8S-ITS5. [IpuBeieH CPaBHUTENbHbBIN MOP-
(hosornueckuit aHaIM3 11€JIEBOTO U GIU3KOPOLICTBEH-
HBIX BUJIOB, BCTPEYAKIIUXCS HAa PACTEHUSIX KYKYPY3BbI.

Knrwuesvie cnosa. TISTHUCTOCTb JIUCThEB KYKY-
py3bl, GUTOTIATOTEH, BBISBJIEHUE U UIeHTU(DUKALIUS,
[P, aHajMTUYeCcKasgd YYBCTBUTEJbHOCTb, aHAJIUTU-
YecKast CIIelM(UUHOCTb.

BBEJEHUE

030yIUTENb TMATHUCTOCTU JIUCTHEB
Kykypy3bl  Cochliobolus  carbonum
R.R. Nelson (Bipolaris zeicola (Stout)
Shoemaker — amamop@a) sBiIseTCA
KapaHTUHHBIM BPEIHBIM OpTaHU3-
MOM, OTCYTCTBYIOUIUM Ha TEPPUTO-
puu Poccutickoii demepanuu. laH-
HBIN BUJ IIMPOKO PACIIPOCTPAHEH TI0
BCEMY MUPY, €CTh COOOIIEHUS O ero oOHapyXeHUU
B ABcTpanuu, bpasunuu, Kanage, Kutae, Kouro, As-
ctpuwu, Erunte, uauu, Kenuu, HoBolt 3enauguu, Hu-
repuu, Ha CosioMoHOBBIX OcTpoBax u B CIIIA (gd.eppo.
int). I[To MHEHWIO MHOTUX YYEHBIX, TTATOTE€H SIBJISET-
Csl OMHUM W3 CaMbIX arPECCUBHBIX IPeICTaBUTENEMH
poaa Cochliobolus (Manamgoda et al., 2014). CoriacHo
COBpEMEHHOU CHCTeMaTHhKe, TPUOHI, paHee IpPUHA-
JieXxaBIie K omHoMy poxy Cochliobolus c anamMmophHOM
craguent Helminthosporium, pekJaaccuUIIMPOBaHbI
B pasHble TPymHmbl. Tak, aHaMopdHasa cTagusd KapaH-
TUHHOT'0 06BbEKTa, 0 KOTOPOM UJIET pedb B JaHHOU CTa-
The, Ha3bIBaeTcs Bipolaris zeicola, 1 jaHHOEe Ha3BaHUE
SIBJISIETCS IPEATIOUTUTEIbHBIM. B Tabmuile 1 ykasaHbl
TeKylIre Ha3BaHUs BO30yIUTEIEN 1 YaCTO BCTPEUalo-
Hecs CUHOHMMBI, KOTOPhIE TaK)Ke BKJIIOUAIOT IIPEXK-
HUe Ha3BaHus (speciesfungorum.org).

XOTSI OCHOBHBIM PAaCTEHUEM-X03IMHOM SIBJISIETCS
KyKypy3a (Zea mays), TaTOTeH MTOPAYKAET U APYTUX ITPE]]-
cTaBUTeJIel ceMelicTBa 31akoBble (Poaceae), TaKUX Kak
copro (Sorghum spp.), puc nocesHou (Oryza sativa L.),
ssuMeHb 06bIKHOBEHHBIN (Hordeum vulgare L.), miiie-
uauta (Triticum spp.), POXKb 1oceBHas (Secale cereale L.)
rpeuka (Paspalum spp.), MEeTUHHUK (Setaria spp.), Mo-
sneBuuka (Eragrostis Spp.), a TaK)Ke He3JIaKOBbIe KYJIb-
TYypbI — g6JI0HI0 moMatHw (Malus domestica Borkh.
(Rosaceae)) u kode apaBuiickuii (Coffea arabica L. (Ru-
biaceae)) (Cipollone et al., 2020). B 2018 r. B Erurnre
ObLTY 0OHAPYKEHBI TTIOCEBbI pUca, TIOpaXkeHHbIe B. zei-
cola, BRI3BABIIUM THUEHUNE U TUOEIb CEIHIEB puCa.
BhIZieJieHHbIe U3 3apaKeHHOU paccabl N30JISIThI, IIPU
PasIMYHBIX YPOBHAX TTATOTE€HHOCTH, 06J1a1aJIX BBICO-
KO BUPYJIEHTHOCTBIO, TTIOpaXkas g0 56% MPOPOCTKOB
puca. YCTaHOBJIEHO, UTO 3apaKeHHbIE ceMeHa IBJISIOT-
CsI OCHOBHBIM CITOCOG0M paclpocTpaHeHus nHPeKIuH,
BBIZBBAHHOU BO36ynuTesieM B. zeicola (Rabie et al., 2018).
[T03TOMY, BEPOSITHO, TIOJTHBIN KPYT PACTEHMII — XO35€EB
5TOrO IIaTOTeHa [0 KOHIIA ellle He OIpeesieH.

B. zeicola species, carried out a genetic analysis of the
isolates in the region of the internal transcribed spacer
ITS4-5, 8S-ITS5. A comparative morphological analysis
of the target and closely related species occurring on
corn plants is given.

Key words. Leaf blight of maize, phytopathogen,
detection and identification, PCR, analytical sensitivity,
analytical specificity.

INTRODUCTION

ochliobolus carbonum R.R. Nelson (Bipolaris

zeicola (Stout) Shoemaker — anamorph) is

a quarantine pest, absent in the Russian

Federation. This species is widely spread

throughout the world, there are reports of
its detection in Australia, Brazil, Canada, China, Con-
go, Austria, Egypt, India, Kenya, New Zealand, Nigeria,
Solomon Islands and USA (gd.eppo.int). According to
many scientists, the pathogen is one of the most ag-
gressive representatives of the genus Cochliobolus (Ma-
namgoda et al., 2014). According to modern taxonomy,
fungi that previously belonged to the same genus Coch-
liobolus with anamorphic stage Helminthosporium, were
reclassified into different groups. So, the anamor-
phic stage of the quarantine pest under discussion,
is called Bipolaris zeicola, and this name is preferred.
Table 1 lists the current names of pathogens and fre-
quently occurring synonyms, which also include for-
mer names (speciesfungorum.org).

Although the main host plant is maize (Zea mays),
the pathogen also infects other members of the family
Poaceae, such as Sorghum spp., Oryza sativa L., Horde-
um vulgare L., Triticum spp., Secale cereale L., Paspalum
spp., Setaria spp., Eragrostis spp., as well as non-cere-
als — Malus domestica Borkh. (Rosaceae) and Coffea ara-
bica L. (Rubiaceae) (Cipollone et al., 2020). In 2018, in
Egypt, there were detected rice crops affected by B. zei-
cola, causing rot and death of rice seedlings. Isolates
from infected seedlings, at various levels of pathoge-
nicity, had high virulence, affecting up to 56% of rice
seedlings. It has been established that infected seeds
are the main pathway for the infection caused by the
pathogen B. zeicola (Rabie et al., 2018). Therefore, it is
likely that the full range of plant hosts of this pathogen
has not yet been fully determined.

The disease was first detected and described by
the American scientist A.J. Ullstrup on corn crops in
Indiana, USA in 1938 (Ullstrup, 1944). In 1943-1947,
due to favorable weather conditions, the disease spread
widely to the eastern states of the United States, and lat-
er appeared in the northern part of the corn belt of the
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Ta6auia 1

Ha3BaHusa rpu6osB poga Cochliobolus

Table 1

Genus Cochliobolus fungi names

Tekyliee 061EeIPUHATOE
N¢ wHaszBaHUe
n/mn Current common name

CUHOHUMBI
Synonyms

1 Bipolaris zeicola (G.L. Stout)
Shoemaker, 1959

Helminthosporium zeicola G.L. Stout, 1930,
Cochliobolus carbonum R.R. Nelson, 1959

2 Cochliobolus heterostrophus
(Drechsler) Drechsler, 1934

Helminthosporium maydis Y. Nisik.
& C. Miyake, 1926, Bipolaris maydis
(Y. Nisik. & C. Miyake) Shoemaker, 1959

3 Bipolaris sorokiniana
Shoemaker, 1959

Helminthosporium sorokinianum Sacc.,
1891, Helminthosporium sativum Pammel,
C.M. King & Bakke, 1910, Cochliobolus
sativus (S. Ito & Kurib.) Drechsler

ex Dastur, 1942

4 Exserohilum turcicum (Pass.)
K.J. Leonard & Suggs, 1974

Helminthosporium turcicum Pass., 1876,
Bipolaris turcica (Pass.) Shoemaker, 1959

5 Bipolaris zeae Sivan., 1985

Cochliobolus zeae H.S. Chang, 1992

6 Cochliobolus bicolor

Bipolaris bicolor (Mitra) Shoemaker 1959,

country. Subsequently, with infected
seeds, the pathogen spread to the re-
gions of corn cultivation and was not-
ed on all continents.

In Russia and on the territory of
the former USSR, the pathogen has
repeatedly been detected on corn
plants grown from imported seeds.
According to M.F. Borovskoy and
V.G. Matichuk, in Moldova this dis-
ease was reported in 1976, and on the
territory of Western Ukraine this fun-
gus was reported earlier (Borovskaya,
Matichuk, 1990). By 1990, according
to VNITIKiZR, 44 outbreaks of North-
ern Corn Leaf Blight (NCLB) in corn
were reported in the USSR. Basical-
ly, the area of the disease covered the
central part of the North Caucasus,
Western Georgia, Western Ukraine
and Moldova. Directly in Russia in
1978 and 2002, causative agent of
leaf blight of maize was detected in
certain areas of the North Caucasus

A.R. Paul & Parbery, 1966

Helminthosporium bicolor Mitra, 1930

and Primorsky Krai (Aleksandrov,
1992; Martynyuk, 2003).

BriepBrhle 3a60eBaHMe GbII0 06HAPY>KEHO U OITU -
caHO aMepuKaHCKUM yueHbIM A.J. Ullstrup Ha moceBax
KyKypy3bl B mrtaTe HauaHa B CLUIA B 1938 1. (Ullstrup,
1944). B 1943-1947 rr. u3-3a 6J1arONIPUATHBIX ITOTOX-
HBIX YCJIOBUY 60JI€3Hb MIMPOKO PACIIPOCTPAHUIIACH
B BOCTOUHBIe mTaThl CIIIA, a mo3ske IMPOSIBUJIACh U B Ce-
BEPHOMU YacTy KyKyPYy3HOT0 I0sica CTPaHkl. Briocye -
CTBUU C 3apa’keHHbIMU ceMeHaMu BO36yIUTeNb pac-
MIPOCTPAHUJICS B PETVOHBI BO3AEJIbIBAHUS KYKYPY3bI
¥ 0OTMEYaJICs Ha BCEX KOHTMHEHTAX.

B Poccuu u Ha TeppuTopuu 6siBiero CCCP marto-
reH HeOLHOKPATHO OOHAPYKUBAJICS Ha PACTEHUAX KYy-
KYPY3BbI, BBIPAIIEHHbBIX M3 UMIIOPTHBIX CEMSIH. [10 c006-
menuam M.®. BopoBckoii u B.I. MaTu4ayka, B MoiiaBum
9TO0 3aboJieBaHUe O6bLIO OTMeUeHO B 1976 T., a Ha Tep-
puTOpUY 3amagHON YKPAUHbI 3TOT rpub ObLI BBISBIEH
paubiie (BopoBckasi, MatTuuyk, 1990). K 1990 1., 110 1H-
opmaruu BHUTVIKu3P, B CCCP 661710 3aperucTpupo-
BaHO 44 oyara reJJbMUHTOCIIOPUO3HON MATHUCTOCTHU
JINCTBEB KYKYpPYy3bl. B OCHOBHOM apeaJi 3a60eBaHUs
OXBaThIBaJI LIeHTPaJIbHY10 YacTbh CeBepHOro KaBKkasa,
3anazguyo ['pysuro, 3anagHyo YKpauHy u MoJsgasuto.
HemocpexncrBenHo B Poccyiu B 1978 11 2002 IT. BO36y M-
TeJNs MATHUCTOCTHU JINCThEB KYKYPYy3bl BBISIBJISIN HA OT-
IeTbHBIX yuacTkax CeBepHOTO KaBkasa u [IpuMopcKo-
ro kpas (Anekcaupos, 1992; MapTeiHioK, 2003).

OpgHako B 2018 r., no gaHHbBIM COpaBOYHU-
Ka M0 KapaHTUHHOMY (DUTOCAHUTAPHOMY COCTOS-
HUI TEPPUTOPUM TOCYydapcCTB — ydyacTHuUKOB CHT
Ha 01.01.2018, Hu ogHOro ovara 3abojieBaHM, BbI-
3BAHHOTO BO36ynuTesieM B. zeicola, Ha TEPPUTOPUU
Poccum 3adukcupoBaHo He 6b10 (Vvniikr.ru). leao
B TOM, 4UTO B. zeicola, B OTINYMeE OT TaKWUX BO30Oynu-
Tenen, kak Fusarium spp., Penicillium spp., Aspergillus
SPpp., OTHOCUTCS K rpyIre GakyJIbTaTUBHBIX Mapa-
3UTOB C HEJIOCTATOUHO Pa3BUTOMN IIPUCIIOCOOIEHHO-
CTBI0 K MBMEHSAIIUMCS (paKTOpaM BHEIIHEN CPe/bl
Y yCJIOBUSIM NUTaHUs. HejocTaTouHas JIaCTUYHOCTD
1 cBoeobpa3Hble dKOJOTUUECKUEe TPebOBaHUSA BO3-
oynurteneit rpymnmnel Cochliobolus He TIO3BOJIIOT UM

However, in 2018, according to
the Directory of Quarantine Phytosanitary Status of the
Territories of the CIS Member States as of 01/01/2018,
not a single outbreak of the disease caused by the
pathogen B. zeicola was reported in Russia (vniikr.ru).
In fact, B. zeicola, unlike pathogens such as Fusarium
Spp., Penicillium spp., Aspergillus spp., belongs to the
group of facultative parasites with insufficiently deve-
loped adaptability to changing environmental factors
and nutritional conditions. Insufficient plasticity and
peculiar ecological requirements of pathogens of the
Cochliobolus group do not allow them to survive in areas
that differ from their natural habitats, accumulate the
necessary amount of infectious agent for an outbreak
and spread of the disease to new territories.

Thus, at the Wheat for the National Warm Areas
conference held in Brazil in 1990, Bipolaris sorokini-
ana Shoemaker, belonging to the same genus as B. zei-
cola, was recognized as the most economically impor-
tant leaf pathogen of wheat, but only for regions with
a warm climate, for example, for Bangladesh, Brazil,
India, Nepal, etc. (Manamgoda et al., 2011). As a rule,
pathogens of this group, if they do not find suitable con-
ditions, are localized in the places of importation or de-
tection of the primary outbreak. Also, if they are detect-
ed long ago enough, then, limited to certain climatic
zones and range of host plants, these pathogens do not
spread to new areas. Being facultative parasites, they
can remain in the plant for some time without caus-
ing disease, subsequently manifesting themselves as
hemibiotrophs. The beginning of the manifestation of
the parasitic properties of these pathogens can also
serve as a weakening of the plant’s immunity caused
by damage to other pathogens, such as Bipolaris maydis
or Bipolaris turcica. Therefore, B. zeicola often occurs in
combination with the above species on affected plants.
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BBDKMBATh B PaliOHAX, OTIUYAINMXCS OT YCIOBUU
WX eCTeCTBEHHOI'0 00MTaHUs, HaKaljJuBaTh He00-
XOAMMO€E KOJINUeCTBO MH(MEKIIMOHHOro Havuaja IJd
BCHBIIIKY ¥ PacIIPOCTPaHEeHMs 3a00IeBaHU Ha HO-
BbI€ TEPPUTOPUU.

Tak, Ha koH(pepeHuuu Wheat for the National
Warm Areas, cocrosBierica B Bpasuauu B 1990 1.,
Bipolaris sorokiniana Shoemaker, oTHOCAIMUNCS
K TOMY JXKe POALy, UTO u B. zeicola, 611 IPHU3HAH Hau-
6ojiee SKOHOMUYECKM 3HAUMMBbIM JINCTOBBIM I1aTOTe-
HOM IIIIEHUIIbI, HO TOJBKO JIJIST PETUOHOB C TEILJIbIM
KJIXMaTOM, Hanpumep Ijsd Bauriaameuni, Bpasunuu,
Vupvu, Henasa u gp. (Manamgoda et al., 2011). Kak
MIPaBUJIO, BO3OYAUTENIN STOU I'PYIIIbI, €CJIU HE HAX0-
ISAT TMTOAXOASAIINX YCIOBUY, JIOKAJM3YIOTCSI B MECTaxX
3aB03a WM OGHAPYKEHUS IEPBUYHOTO ovara. Takxe
B CJIy4yae ecJi OHU O6GHapPy’KeHbI JOCTAaTOUHO TaBHO,
TO, OTPaHUYEHHbIE ONpPeAeIeHHbIMU KINMaTUYeCKN-
MU 30HAMU U KPYTOM PacTEHUM-X035€EB, 3TU MaTore-
HBbI He PACTIPOCTPAHSIOTCS B HOBbIe PaliOHbI. Bymyun
(haxysbTaTUBHBIMM MTapa3uTaMU, OHU KaKOe-TO Bpe-
MSI MOTYT HaXOJUThCS B PaCTEHUM, He BbI3bIBAS 60-
JIE3HU, BIIOCJIEICTBUU ITPOSABIAA cebs Kak reMuburo-
Tpodbl. HauamoM MpPOSBIEeHUS MMapasuTUUYEeCKUX
CBOWCTB JIaHHBIX TIATOTE€HOB MOXXET TIOCTY)XUTH TaK-
JKe ocyiabiieHre UMMYHUTETA PacTeHNs, BbI3BaHHOE
MOopakeHWEM JIPYTUMU BO3BYIUTENIMU, HATIPUMED
Bipolaris maydis wnw Bipolaris turcica. [I03TOMy 4acTo
Ha MopakKeHHbIX PAaCTEHUIX BUJ, B. zeicola BCTpedaeT-
Cs1 B KOMILJIEKCE C BBIIIIEYKa3aHHBIMY BUaMu. Ha 3To
B CBOMX paboTax yKa3bIBaJIU U aMEPUKAHCKUE YUeHbIe
A.J. Ullstrup (1944) u A.L. Hooker (1974). [Tpuuem
Hooker B 1973 1., HECMOTPS Ha TO YTO IOXKHAS IISAT-
HUCTOCTbh JIUCThEB KYKYpPYy3bl ObLJIA y)Ke OIMKCcaHa
B 1938 r., Ha3BaJ 3TO 3a60jieBaHMEe HOBBIM, IIMPOKO
PaCIpOCTPAHUBIINMCS B CEBEPHOM YaCTU KYKypy3-
Horo mosca CIIIA (Hooker, 1974). To ecTb Bce BpeMs
o 1973 r. Bup B. zeicola HUKaK cebs1 He MPOSBIISI
B CWJIy TOTO, UTO KOMIIJIEKC HEOOXOLUMBIX YCIOBUMN
IIJIsSI er0 Pa3BUTHUA ObLI HEJOCTATOUHO ITOJHBIM.

BpemoHOCHOCTb BO36GyauTesel 3aKJodyaeTcs
B TOM, YTO ITPU HEJOCTATOYHOM KOMIIJIEKCE YCIOBUA
OHM 160 He MPOSBISIOT CBOETO IIPUCYTCTBUS, JTN60
BenyT cebs Kak cjabble maTOreHbl. HO MpU UHBIX yC-
JIOBUSIX, 3aUACTYI0 HETIPEICKa3yeMbIX, OHU ITPOSIBIISTIOT
CBOU pa3pyIIUTeIbHbIE (UTOIIATOTEHHbBIE CBOMCTRA,
BBI3bIBAS STIU(DUTOTUY U TSIIXKEJIbIE TTOPAXKEHNS pacTe-
Hui. [ToaTOMY (UTOTIATOJIOTH BCETO MUPA MPOSBIISIIOT
0COOBIN MHTEPEC K BO3OYIUTENSIM STOU I'PYIIIIBI, BKJIIO-
vas pog, Cochliobolus, mpefCcTaBUTEIN KOTOPOTO BBeie-
HBI B KAPAHTUHHbBIE CIIMCKY MHOTUX CTPaH.

CHMIITOMBI IIPOSIBJIEHUS ITIOPA’KEHUSI BUIOM B. zei-
cola 0OTMEUaIOTCS Ha BCeX HAJ3eMHBIX YaCTIX pacTe-
HUS: JIUCThSIX, CTe6JIIX, 06epTKaX IOUYATKOB 1 Ha CAMUX
oYyaTKax ¢ 3epHOBKaMu. [IToMHMO 5TOTO, ITATOTeH I10-
CTENEeHHO MPOHUKAET B TKAHYW PACTEHUS, TEM CaMbIM
BBI3BIBAst KOPHEBYIO THUJIb ¥ THUJIb [IOYATKOB, 8 TAK)Ke
HavaJIbHBIX BCXOMOB. Ha paHHel cTafguy IMOpakeHus
pacTeHre UMeeT MeJiKue, 6JieHO-3eJIeHbIe UJIU JKeJl-
TOBAThBIE MIITHA, KOTOPBIE B JAJIbHEHIIEM CTaHOBSITCS
KOPUYHEBBIMU U TIPUOGPETAIOT OBAJIBHYIO UJIU OKPYT-
Jyio popMy, MHOTIa 6BIBAIOT HEITPAaBUJIbHOMN (DOPMBEI,
c 6ojiee CBETJIBIMU WJIM MYPIYPHBIMU KpasgMu. Ha
ITOYaTKaX KyKypy3bl IOPa’KalTCS 3€PHOBKY, CTAHO-
BSICh CO BpEMEHEM TEMHBIMU, ITOKPBIBASICH CAXKUCTHIM
HAJIETOM U ITPUobpeTas CMOPIIEHHYI0, IIEPOX0BATYIO
TIOBEPXHOCTb.

This was also pointed out in their works by American
scientists A.J. Ullstrup (1944) and A.L. Hooker (1974).
Moreover, Hooker in 1973, despite the fact that south-
ern leaf blight of maize had already been described in
1938, called this disease a new one, widely spread in
the northern part of the US corn belt (Hooker, 1974).
That is, all the time until 1973, the species B. zeicola did
not manifest itself in any way due to the fact that the
set of necessary conditions for its development was not
complete enough.

The harmfulness of pathogens lies in the fact that
under an insufficient set of conditions they either do
not show their presence or behave like weak patho-
gens. But under other conditions, often unpredict-
able, they manifest their destructive phytopathogen-
ic properties, causing epiphytoties and severe plant
damage. Therefore, phytopathologists around the
world are showing particular interest in pathogens
of this group, including the genus Cochliobolus, whose
representatives are included in the quarantine lists of
many countries.

Symptoms of B. zeicola infection are noted on all
above-ground parts of the plant: leaves, stems, cob
wraps and on the cobs themselves with caryopses. In
addition, the pathogen gradually penetrates the plant
tissue, thereby causing root and cob rot, as well as ini-
tial shoots. In the early stage of infection, the plant has
small, pale green or yellowish spots, which later turn
brown and acquire an oval or round shape, sometimes
they are irregular in shape, with lighter or purple edges.
On the cob of corn, grains are affected, becoming dark
over time, covered with a sooty coating and acquiring
a wrinkled, rough surface.

The same symptoms of damage were noted in
most species of the genus Cochliobolus, they are quite
similar to each other, so the initial identification of
B. zeicola species in the field and laboratory conditions
can be quite difficult. Distinguishing closely related
species based on symptoms alone is problematic (Ma-
namgoda et al., 2014).

The identification of Cochliobolus genus species is
usually based on morphological characters, but many
species also share similar conidial characters that often
make it difficult to identify a particular species. Accu-
rate and rapid diagnosis of a pathogen requires the use
of modern molecular genetic methods based on PCR. In
2017, Kang et al. from the National Institute of Crop Sci-
ence developed species-specific primers (Bz-F/Bz-R)
for classical PCR to diagnose the B. zeicola pathogen.
As a result, the scientists validated the resulting test
system for certain criteria — analytical sensitivity and
specificity — and recommended it for use in identifying
B. zeicola species in the laboratory.

For accurate identification, it is also possible to
confirm the species by analyzing the nucleotide se-
quences of the internal transcribed spacer (ITS) rDNA
region, which allows to distinguish species of the ge-
nus Cochliobolus. Thus, compliance with the correctness
of the stages of timely diagnosis of Cochliobolus species
based on cultural and morphological characteristics
and a combination of modern molecular methods is
a priority in mycological research.
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Takue ke CUMIITOMBI ITOpPakeHUs OTMEYeHbI
y 6obIIMHCTBA BUOB poga Cochliobolus, oHY IOCTaTOY-
HO ITOX0XU MEXy co6O0H, T03TOMY IepBOHAYAIbHOE
ompeneneHue Buma B. zeicola B IOJIEBBIX U JIabopaTop-
HBIX YCJIOBUSX ObIBAET IOCTATOUHO 3aTPYAHUTEIbHBIM.
Pasauune 0JIM3KOPOACTBEHHbBIX BHIOB Ha OCHOBE Of-
HMX TOJIBKO CUMIITOMOB ITpobsieMatryHo (Manamgoda
etal.,, 2014).

Wnentudukanusg BugoB poma Cochliobolus o6b1u-
HO OCHOBaHa Ha MOP(OJIOTUYECKUX XapaKTePHUCTHUKAX,
OJIHAKO MHOTYE BHUIbI TaKXKe UMEIOT CXOAHbIE KOHU-
IVabHbIE TPU3HAKHY, IT0 KOTOPBIM 3aYaCTYI0 TPYAHO
UIeHTUOUIIMPOBATh KOHKPETHBIN BU. [[JIT TOUHOHN
1 OBICTPOM AMArHOCTUKU MaToreHa TpebyeTcs Ipu-
MeHEeHUEe COBPEMEHHBIX MOJIEKYJISIPHO-TeHETUYECKUX
METOJI0B, OCHOBAHHBIX Ha nnpoBenenun [11IP. B 2017 1.
Kang et al. u3 National Institute of Crop Science pas-
paboTtanu BugocnenupuyuHbie npaiMmeps! (Bz-F/Bz-R)
ILJIsI TIPOBeIeHus Kiaccudyeckori ITIIP B ensax guarHo-
CTUPOBaHM ITaTOreHa B. zeicola. B pe3ynbTaTe yUeHbIe
BAJIUAUPOBAJIY TTOJIyYEHHYIO TECT-CUCTEMY Ha OIpe-
IleJIeHHbIe KPUTEPUYU — aHAJIUTUYECKUE YYBCTBU-
TEJIbHOCTh U CHeIU(DUYHOCTh — U PEKOMEHI0OBAIN
K IPUMEHEHUI0 I uIeHTUPUKAIIuKY Buma B. zeicola
B J1a60OPATOPHBIX YCIOBUSIX.

I TOUHOU UAEeHTU(GUKAIIMY BO3MOXXHO TaKXKe
MOJTBEPXKAEHNE BUIa C TIOMOIIbI0 aHAIN3a HYKJIEO-
TUIHBIX [TOCJIEIOBATEIbHOCTEN yUacTKa BHYTPEHHETO
TpaHCcKpubupyemoro cruericepa (ITS) pIHK, KoTopbIii
IT03BOJISIET PA3JIUYUUTD BUAI poma Cochliobolus. Takum
o6pazoM, cobiriogeHe MPaBUILHOCTY STAIOB CBOEB-
peMeHHOU nmarHocTuku BumoB Cochliobolus Ha ocHO-
Be KYJIbTYPaJIbHO-MOP(OJIOrMUECKUX XapaKTEPUCTUK
¥ COYETAaHUS COBPEMEHHBIX MOJIEKYJISIPHBIX METOJIOB
SIBJISIETCS TPUOPUTETHBIM HAIIpaBJIeHVEM B ITPOBeZe-
HUY MUKOJIOTMYECKUX UCCIeIOBAHMT.

MATEPUAJIBI U METO/1bI

O6BEKTOM UBYUYEHUS ABJISIIUCH U30JISATHI KADAHTUHHO-
ro Buza B. zeicola, BeIIeJIEHHBIE B PE3YJIBTATE HUCCIE-
IOBaHUS TMOAKAPAHTUHHON MPOAYKIIUY CEMEHHOTO
MaTepuaJia PaCTEHU KyKyPy3bl UMIIOPTHOTO ITPOKC-
XOXKeHVS U [I0JIydeHHbIe 3a nepuog 2017-2021 rr.
Il cpaBHUTENbHOIO aHaM3a OBLIN UCITOJIb30BAHBI
M30JISITHI 6JIM3KOPOACTBEHHBIX BUMIOB B. sorokiniana
Shoemaker, B. maydis (Y. Nisik. & C. Miyake) Shoem.,
B. zeae Sivan. v BUbI pomoB Fusarium u Alternaria, mpu-
CYTCTBOBABIIME HA PACTEHUSIX KYKYPY3Bbl.

B xome paboThl MCIIOJIb30BAJIN IIOCEL0BATEIb-
HYI0 CXeMY MUKOJIOTUYECKUX UCCIeJOBAHMUMI, COCTO-
SIUIYI0 U3 BU3YaJIbHOTO, 610J0TUYecKoro, Mopdoo-
TAYECKOT0 U MOJIEKYISIPHO-TEHETUYECKOTO METOI OB
IUarHOCTUKU.

[Ipu moCTyIJIEHNU 06pas3I[0B CEMSIH KYKYpPYy3bl
OT Ka)kJoro obpasiia oT6Hpaiy MPoOhl CEMAH B KO-
audecTtBe 400 IIT. KAK C CUMITOMaMM 3a60JieBaHUSI,
IIpeXxie Bcero obpairas BHUMaHWe Ha IYILIbIe, TEM-
HbIE, CMOPIIEHHbBIE, C TEMHBIM HAJIETOM 3€PHOBKH, TaK
u 6e3 CuMIITOMOB 3a6oJieBaHMs. Jlajiee IJisT pa3BUTUSI
BUIUMBIX CTPYKTYP rpuba (CIIOPOHOIIEHUS) 3aKJIa b~
BaJIM 06Pa3Iibl BO BJIAKHBIE KAMEPHI ¥ HA MU TATEJbHYI0
cpeny. JIis1 5TOro 0To6paHHbIe cEMeHa ITPOMBIBAJIY IO/
IIPOTOYHOM BOJOYW U CTEPUIN30BAIY ITyTEM ITOTPYIKE-
HUS B 9TUJIOBBIM CIIUPT HA 1—-2 MUH, C TIOCIENYIOIUM
OTMBbIBaHMEM B IVCTUJIIUPOBAHHOY Boje (B TeueHUe
3-5 MuH). [I0ATOTOBJIEHHBIN MaTepraJj PacKjIaabIBaIn
B yamku [leTpu Ha yBIaXXHEHHYIO (GUIBTPOBAIBHYIO

MATERIALS AND METHODS

The object of the study was isolates of the quarantine
species B. zeicola, isolated as a result of the study of regu-
lated seed material of corn plants of imported origin
and obtained for the period 2017-2021. For compara-
tive analysis, isolates of closely related species. B. so-
rokiniana Shoemaker, B. maydis (Y. Nisik. & C. Miyake)
Shoem., B. zeae Sivan. and species of the genera Fusari-
um and Alternaria, presented on corn plants, were used.

In the course of the work, a consistent scheme of
mycological studies was used, consisting of visual, bio-
logical, morphological and molecular genetic diagnos-
tic methods.

Once received corn seeds, 400 seed samples were
taken from each sample, both with disease symptoms,
primarily paying attention to feeble, dark, shriveled
grains with a dark coating, and without symptoms.
Then, for the development of visible structures of the
fungus (sporulation), samples were placed in moist
chambers on a nutrient medium. To do this, the select-
ed seeds were washed under running water and steri-
lized by immersion in ethyl alcohol for 1-2 min, followed
by washing in distilled water (for 3—5 min). The prepared
material was placed in Petri dishes on moistened filter
paper and in parallel on a nutrient medium (2% pota-
to dextrose agar (PDA), pH 5.5). Corn samples were in-
cubated at 25 °C followed by daily viewing for 10 days.

On the 3™ day, a velvety dense grayish-brown-
ish-olive mycelium of the fungus appeared in Petri dish-
es. On the 7™ day, under a binocular, it was possible to
see formed conidiophores with conidia of the fungus on
the developed mycelium. Subsequently, the mycelium
of the fungus was sifted onto Petri dishes with PDA nu-
trient medium and isolated into a pure culture.

The species was identified by the morphological
method with 25 spore measurements. When identify-
ing, the size of conidia, their shape, color, number of
septa and presence of hilum were taken into account.

To confirm the species belonging of the patho-
gen, classical PCR was used using specific prim-
ers Bz-F (5-GAGAATACCGACCATGTGG-3’) and Bz-R
(5’-TATCTTTAGCTTCCTGTTTGGTC-3’) with an ampli-
fication product size of 268 bp, developed by Korean
scientists (Kang et al., 2018).

The applicability of the recommended primers ac-
cording to Kang et al. was preliminarily assessed ac-
cording to performance criteria. To determine the ana-
lytical sensitivity, a suspension from a pure culture of
the B. zeicola standard sample with a DNA concentra-
tion of 24.2 ng/ml was used and a series of 10-fold dilu-
tions was prepared in 3-fold replication. To determine
the analytical specificity, isolates of the target B. zeicola
cultures were used, as well as a number of fungal cul-
tures obtained from corn plants as a result of studies
in 2017-2021.

For this study, the mycelium was collected in
1.5 ml tubes with 200 pl extraction buffer, ground with
a microtube pestle. DNA extraction was carried out us-
ing a ready-made commercial kit “Fito-Sorb” Syntol
(Russia) according to the manufacturer’s instructions.

PCR was performed in a T100 Touch Thermal Cy-
cler, Bio-Rad (USA). A mixture of reagents for setting
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OGyMary u rapa’jijieJibHO Ha IIUTATENbHYI0 cpeny (2%-i
KapTodenbHO-TJIIOKO3HBIN arap (KT'A), pH 5,5). MHKY-
6rpoBaiy 06pasiibl KyKypy3sl mpu 25 °C ¢ rmocienyo-
UM eXeTHEBHBIM ITPOCMOTPOM B TeueHue 10 gHe.

Ha 3-u cyTku B yamkax IleTpu rosBuicsa 6apxa-
TUCTBIN IUIOTHBIY CEPOBATO-KOPUUYHEBATO-0JINBKOBBIN
Mutennii rpuba. Ha 7-e cyTKu 1oJ; GMHOKYJISIPOM MOXK-
HO 6bLJIO PABTIIAAETh HA Pa3BUBILIEMCS MULIeIMU cHop-
MUPOBABUIKECS KOHUAUEHOCIIBI C KOHUAWSIMU rpuba.
B manbHelieM MULENNH rpruba OTCEeBAJIX Ha YaIlKy
[leTpu c muTaTeabHOU cpeoit KI'A 1 BBIZENSAIN B UN-
CTYIO KyIbTYPY.

OmnpezeneHyre BULa IPOBOAMIIOCH MOpgoJIoruye-
CKUM MEeTOZ0M C 25 npomepamu crop. [lpu npgeHTtu-
(ukaiuu yuuThiBajach pa3Mepbl KOHUAUH, X hopMa,
IIBET, YUCJIO TIEPETOPOZIOK, HAIMYVe XUITyMa.

Ins MoATBEPXAEHUS BUJNOBOW MpPUHALJIEXK-
HOCTU I1aTOTeHa NPUMEHANU Kjaccuueckyw [P
C WCIIOJB30BAaHUEM CIHeIU(UUYHBIX MMPariMepoB
Bz-F (5’-GAGAATACCGACCATGTGG-3’) u Bz-R
(5’-TATCTTTAGCTTCCTGTTTGGTC-3’) ¢ pazMepom
IPoAyKTa aMIindukanum 268 1. 0., pa3paboTaHHBIX
Kopetickumm yueHbiMu (Kang et al., 2018).

[IperBapuUTeNbHO MPOBOAUIY OI[€HKY IIpuUMe-
HUMOCTY PeKOMEeHIyeMbIX IpaliMepoB 1o Kang et al.
1o pabouuM KputepusaM 3¢hGHeKTUBHOCTH. JIJig oTIpe-
JIeJeHus aHAJIMTUYeCKOU YyBCTBUTEIbHOCTHU UCIIOJb-
30BaJIM CYCIIEH3UIO M3 YUCTON KyJIBTYPBI CTAHIAPTHO-
ro obpastia B. zeicola c koHIleHTpanyen JHK 24,2 ar/miu
U TOTOBWJIU cepuio 10-KpaTHBIX pa3BeleHul B 3-KpaT-
HOW MMOBTOPHOCTH. [IJI51 OTIpeiesIeHrs] aHATUTUIECKOM
crneun(rUUHOCTH UCIIOIb30BaN
U30JISITHI 1IeJIEBBIX KYJIBbTYP B. zei-
cola, a TaxoKe PSAJ, KyJIbTyp rPUbOB,
TIOJIyYEHHBIX C PACTEHUI KYKYDY-
3Bl B pPe3yJIbTaTe TPOBEIEHUS UC-
ciaenoBanuii B 2017-2021 rT.

JJid maHHOTO HCCJAeIoBa-
HUS MULIEJUN 0oTOUpau B IPo-
O6upKu 06beMOM 1,5 MJI C BKCTpa-
rupywmuM 6ydpepom 200 MK,
pacTupanu MecTUKOM AJisT MU-
Kponpobupok. Beimenenue JHK
MIPOBOJ MUY C UCIIOJIb30BaHUEM

up one reaction with a volume of 25 ul contained 5 ul
of PCR buffer 5x MasDDTaqMix-2025 (Dialat Ltd., Rus-
sia), 1,5 uM of each primer, 2 ng of target DNA and ste-
rile water.

The temperature-time conditions of amplification
on the device were: 1 cycle 3 min — 94 °C; 35 cycles:
30s-94°C,30s—-55°C,90s—72°C; 1 cycle 7 min —
72 °C.

After amplification, 4 ul of the PCR product was
dropped into the wells of a 1.0% agarose gel with ethidi-
um bromide in 0.5 x TBE buffer, and the fragments
were separated by length under the action of an exter-
nal electric field. Subsequently, visualization was per-
formed using a gel-documenting system.

In parallel, for the studied isolates, the nucleo-
tide sequences of internal transcribed spacers were
obtained (ITS5 5 -GGAAGTAAAAGTCGTAACAAGG-3’/
ITS4 5°-TCCTCCGCTTATTGATATGC-3") (White et al.,
1990). The composition of the reagents for setting up
one reaction was the same as for PCR according to Kang
et al. The temperature-time conditions of amplification
were: 1 cycle 3 min — 94 °C; 30 cycles: 30 s — 94 °C,
30s-52°C,90s—72°C; 1cycle 7 min— 72 °C. After
amplification, the size of the PCR product was 550 bp.

The amplified samples were sequenced on a 3500
Applied Biosystems genetic analyzer (USA). Subse-
quently, the obtained nucleotide sequences of the ITS
region of rDNA were processed using the BioEdit pro-
gram and compared with the reference sequences of
isolates from GenBank NCBI (nchi.nlm.nih.gov). Phy-
logenetic analysis of isolates with the establishment

FOTOBOTO KOMMEPYECKOTO HaBo- Puc. 1. 3epHoBKM, nopaxkeHHble  Fig. 1. Corn seeds affected by

pa «duto-Cop6» 000 «CuHTOI»
(Poccust) COTIaCHO MHCTPYKITUU
MIPOMU3BOLUTEII.

[TLIP npoBOLMJIY B TEPMO-
nukyiepe T100 Touch Thermal
Cycler, Bio-Rad (CIIIA). Cmech
PEeaKTUBOB [HOJS MHOCTAaHOB-
KU OJHOU peakiuu o6beMOM
25 MKJ cogeprkajia 5 Mk I[TLP-
6ydepa 5x MasPPTagqMix-2025
(BAO «Jlmajar Jtn.», Poccus),
1,5 uM kaxoro nparimepa, 2 HT
neneBoit JHK u cTepuJbHOU
BOJbI.

TeMmepaTypHO-BPEMEH-

Hble YCJIOBUSA aMINUMUKALKUU  Puc. 2. KoHuauu B. zeicola (a—=b)

Bo3bypuTenem Bipolaris zeicola, the pathogen Bipolaris zeicola,
1 KOHuaueHocubl rpuba (a—b)
(choTo A.B. KamueHkoBa)

and conidiophores of the fungus (a-b)
(photos by A.V. Kamchenkov)

Fig. 2. Conidia B. zeicola (a-b) (x 40)

Ha mpubope cocTaBIsann: 1 UK (yBenuueHue x 40) (poto A.B. Kamuenkosa)  (photos by A.V. Kamchenkov)

3 MuH — 94 °C; 35 nukJon: 30 ¢ -
94°C,30c—-55°C,90c—72°C; 1 uukna 7 MuH — 72 °C.
[Tocne amnnudukanuu 4 Mra ILP-npomykTa
packarbiBaau BJIyHKY 1,0%-T0 arapo3Horo rejfis ¢ 6po-
MucThIiM atuguem B 0,5 x TBE-6ydepe u paspensnu
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Puc. 3. KonoHuu B. zeicola
Ha cpege KlA (a—e)
(choTo HO.B. LiBeTkoBoi, W.M. dyavueHko)

[4]

(bparMeHTHI 10 AJIUHE IO IeCTBUEM BHEITHETO 3JIEK-
TPUYECKOTrO IT0Jis. B majbHeNlIeM MPOBOIUIN BU3Ya-
JIN3ALIMIO C UCIIOJIb30BAaHUEM I'eJb-IOKYMEHTU YOI
CUCTEMBI.

[MapaiieabHO OJisI U3yUaeMbIX U30JIITOB ObLIU
MMOJIy4YeHbl HYKJIEOTUJHbIE IOCJENOBATEIbHO-
CTU BHYTPEHHUX TPAHCKPUOMPYEMBIX CIIelicepoB
(ITS5 5'-GGAAGTAAAAGTCGTAACAAGG-3'/ITS4
5'-TCCTCCGCTTATTGATATGC-3 ") (White et al., 1990).
CocTaB peaKTUBOB JJIs TIOCTAHOBKY OJHOM peakIlum
OBLT TaKoU e, kak s TP o Kang et al. Temmnepa-
TYPHO-BPEMEHHbIE YCIOBUS aMIIIU(GUKAIIUYA COCTAB-
aanu: 1 qukia 3 MuH — 94 °C; 30 uukJjoB: 30 ¢ — 94 °C,

Fig. 3. Colonies of B. zeicola
on PDA medium (a—e)
(photos by Yu.V. Tsvetkova, I.P. Dudchenko)

and comparison of homologous
characters of isolates was car-
ried out using the MEGA X soft-
ware.

RESULTS AND DISCUSSION

As a result of the primary visu-
al inspection of regulated corn
seed material, signs of damage
to the grains by the pathogen
B. zeicola were noted. Affect-
ed grains were characterized
by non-marketable appear-
ance, namely, they had a wrin-
kled, cracking surface with the
presence of a dark sooty coat-
ing (Fig. 1). When viewed under
binoculars, small groups or iso-
lated dark brown conidiophores
of the fungus are noted.

Microscopically, conidia of
the species B. zeicola were cha-
racterized in shape from straight
to fusiform, occasionally curved,
with a slightly widened middle
and rounded ends on both sides, olive-brown or dark
brown in color, contained from 1 to 12 partitions, in
size 45.7-64.3 x 10.7-12.6 um, the average size was
53.7 £ 0.3 x13.2 + 0.5 pm. The hilum (the place of at-
tachment of the conidia to the conidiophore) was ab-
sent in most conidia, in some it slightly protruded be-
yond the contour of the spore (Fig. 2).

When viewing dishes with a nutrient medium on
the 7™ day, the grown colony of B. zeicola was character-
ized by a velvety dense structure, brownish-olive color,
with a grayish center. Later, on the 14™ day, it acquired
a darker brown color, with the formation of weak con-
centric spore-bearing circles (Fig. 3).

Tao6sauia 2

Mopdoaoruueckue xapakTepUCTUKU KOHUIUI BUIOB poaa Bipolaris

Mopdosoruueckue

xapaktepuctuku  B. turcica B. zeicola B. maydis, paca T B. sorokiniana
Pasmepn! 45-145x11-33, 21-94 x9-19, 25-126 x 20-23, 20-135x12-34

KOHUAUM (MKM)

yaire 90-100 x 20-24

yame 50-60x 13-14

yaie 80-90x 13-14

dopMa KOHUAU M

BEPETEHOBUIHbIE,
[IpsiMble, MHOTIA CJIerka
COTHYTBIE, C YTOJIIIEHHON
0060JI0YKO

SJUIUIICOMOAaJIbHbIE, BEPETEHO-

BUJIHEIE, [IPSIMBIE, PEXKe
COTHYTBIE, C HECKOJIBKO
paciupeHHol cepeIuHON
Y He3a0CTPEHHBIMU
OKPYTJILIMU KOHITAMU

SJLIATICOUANIbHEIE, CUTIb-
HO COTHYTBI€e, C TOHKOU
060JI0YKOM, paciInpPeHHbIE
K CepenuHe, IIOCTeIIeHHO
Cy’KMBaloIIVecs K KOHIIAM

VIJIUHEHHO-
ANIeBULHEIE,

C 3aKPYTJIEHHBIMU
KOHI[AMU

OKpacka OT MTPO3PavyHO-AbIMYATHIX OJUBKOBO-OypPbIe UJIX TEM- OT IBIMYATHIX I CBETJIO- OJINBKOBO-
KOHUIUAH WJIV CBETJIO-OJIMBKOBBIX  HO-KOPUYHEBbIE OJIMBKOBBIX JIO 30JIOTUCTO- KOPUYHEBBIE

IO XKEeJITOBATO-BypPbhIX KOPUYHEBBIX

Y TIOUTY YEPHBIX TIPKA

CO3peBaHUU
Yucio 1-13, yamie 4-6 0-12, yame 6-8 2-13, yame 8 3-10
TIEPETOPOIOK
Xurym TEMHBIH, Y3KUH, CUIIbBHO  TE€MHBIN, MaJ03aMETHBIH, MIMPOKUY, HE3aMETHBIH, TEMHBIH, CJIerKa

BBICTYIIAeT 32 KOHTYP
CITOPBI

c51a60 BBICTYIIAIOIINI
3a KOHTYP CITOPBI

He BBICTYIAOIIUN
32 KOHTYP CITOPbI

BBICTYIIAIOIIUH,
yCEUEeHHBIN
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Table 2

Morphological characters of conidia of species of the genus Bipolaris

Morphological

characters B. turcica B. zeicola B. maydis, T race B. sorokiniana

Conidia size (um) 45-145x11-33, 21-94 x 9-19, 25-126 x 20-23, 20-135x
more often more often more often 12-34
90-100 x 20-24 50-60x13-14 80-90x13-14

Conidia shape

with a thickened shell

spindle-shaped, straight, ellipsoidal, fusiform, straight, ellipsoidal, strongly bent,
sometimes slightly bent, rarely bent, with a slightly
widened middle and non-
pointed rounded ends

elongated ovoid,
with a thin shell, widened with rounded
towards the middle, gradually ends

tapering towards the ends

Conidia colour

from transparent smoky olive brown or dark brown

smoky and light olive to gold- olive brown

or light olive to yellowish en brown
brown and almost black
when ripe

Number of septa 1-13, more often 4-6 0-12, more often 6—-8 2-13, more often 8 3-10

Hilum dark, narrow, protrud-  dark, inconspicuous, slightly ~ wide, inconspicuous, dark, slightly
ing strongly beyond the  protruding beyond not protruding beyond protruding,
contour of the spore the contour of the spore the contour of the spore truncated

30c—-52°C,90c—-72°C; 1 quKia
7 muH — 72 °C. ITocye nipoBefe-
HUS aMIIuGUKaluy pasMep
[TIIP-ipogyKTa COCTaBJIAJ
550 1. o.
AMOIUGUIIMPOBAHHBIE
o6pasibl CeKBEHUPOBAIU
Ha TEHETUYECKOM aHaJIM3aTo-
pe 3500 Applied Biosystems
(CIIA). B manpHeHIIeM I0Jy-
YeHHbIe HYKJIEOTUIHbBIE I10-
CJeI0OBaTEJIbHOCTHU yUYacCTKa
ITS pIHK o6pabaTbsiBaiIu C 1C-
MMOJIb30BAHUEM TIPOTPaAMMBbI
BioEdit m cpaBHUBaJIU C 3Ta-
JIOHHBIMY TIOCJEeNOBaTedb-
HOCTSIMU U30JSITOB u3 Gen-
Bank NCBI (ncbi.nlm.nih.gov).
duioreHeTUYECKUYN aHANIU3
U30JISITOB C YCTAHOBJIEHUEM
¥ CPAaBHEHMUEM F'OMOJIOTUYHBIX
MPU3HAKOB U30JIITOB IIPOBO-

N
"
B

rpamMmmbel MEGA X.

Puc. 4. KoHnguu BupoB popa Bipolaris:
AUIN C UCIIOJIb30BAHUEM IIPO- 5B, zeicola; b — B. maydis;

¢ - B. turcica; d — B. sorokiniana

100 Mk

Fig. 4. Conidia of Bipolaris species:
a - B. zeicola; b - B. maydis;
¢ - B. turcica; d — B. sorokiniana (x 20; x 40)

(yBenuuenue x 20; x 40) (cpoto W.M. OypueHko) (photos by I.P. Dudchenko)

PE3VJIBTATDI
U OBCYXJEHUE

B pesynpTaTe MepBUYHOTO BM3YaJIbHOTO OCMOTpA
TMOoAKAaPAaHTUHHON MPOAYKIIMY CEMEHHOTI0 MaTepua-
Jia KyKypPYy3bl GBI OTMEYeHBI TPU3HAKY TOPaKEHUS
3ePHOBOK Bo36ynuTesieM B. zeicola. TTopa’keHHBIE 3eP-
HOBKU XapaKTepPn30BaJIUCh HETOBAPHBIM BHEIIHUM
BUJIOM, 2 UMEHHO, UMEJIM CMOPIIEHHY0, PACTPECKU-
BalIy0Cs IMTOBEPXHOCTb C MPUCYTCTBUEM TEMHO-
ro caxxucrtoro Hajieta (puc. 1). [Ipu MPoCMOTpe IO/
OUHOKYJISIPOM OTMeYeHbl HEGOJIbIINE TPYIIILI UIU
OTJIEJIbHO CTOSILIMEe TeMHO-KOPUYHEBbIE KOHUIUE-
HOCIIBI Tpuba.

[Ipy MUKDPOCKOTIMPOBAHUMW KOHUIUU BULA
B. zeicola xapaKTepu30BaJIUCh 110 (POPME OT IPSIMBIX
10 BepPeTeHOBUIHBIX, U3PeKa MOomafalnch U30THY-
ThI€, C HEMHOT'0 PAaCIIMPEHHOU CePeJUHOMN U OKPYTJIbI-
MU KOHIIaMM C JIByX CTOPOH, OJINBKOBO-KOPUYHEBOI'O
WY TEMHO-KOPUYHEBOTO IIBETA, COleprkaivi oT 1 10 12
IepPeroposok, pasmepom 45,7-64,3 x 10,7-12,6 MKM,

When diagnosing the quarantine pest B. zeicola,
other species of the genus Bipolaris are often detected,
which have similar cultural and morphological charac-
ters. For accurate identification, a number of charac-
ters are used, which together make it possible to iden-
tify the fungus species. Comparative characteristics are
presented in table 2 and in figures 4-5.

As a result, a preliminary microscopic analysis
showed that the morphological characters correspond-
ed to B. zeicola species; molecular genetic methods were
used to further study the pathogen.

In the process of work, species-specific primers
Bz-F and Bz-R were tested to identify the species B. zei-
cola. As a result, analytical sensitivity and specificity

dutocaHutapus. KapaHtuH pactenuii 40
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[a]

Puc. 5. KonoHuu BupoB popa Bipolaris Ha cpepe KIA:  Fig. 5. Colonies of Bipolaris species on PDA medium:

a - B. turcica; b, c = B. maydis; d — B. sorokiniana
(choTo W.M. OyaueHko)

B CpenHeM pa3Mep coctaBiaan 53,7 £ 0,3x 13,2 +0,5
MKM. XUJIyM (MeCTO IPUKPEIIEeHUsT KOHUAUM K KO-
HUJIVEHOCIY) Y GOJIbIIMHCTBA KOHUIUM OTCYTCTBO-
BaJI, Yy HEKOTOPBIX CJIa60 BBICTYIIAJ 3a KOHTYP CITOPbI
(puc. 2).

[Tpu IpoCcMOTpe YallleK C MUTaTeJIbHOU cpemoi
Ha 7-e CyTKU IojapocuIas KoJoHus B. zeicola xapak-
Tepus3oBajiach 6apXaTUCTON IIJIOTHOM CTPYKTYPOH,
KOPMYHEBATO-0JUBKOBOM OKPAaCKOM, C CEpOBAThIM
IIEHTPOM. B masbHenmeM, Ha 14-11 1eHb, OHA TIPU06-
pertana 6oJjiee TEMHO-KOPUYHEBYI0 OKPAcKy, ¢ o6pa-
30BaHUEM CJIaObIX KOHIIEHTPUUECKUX CTIOPOHOCHBIX
KpyroB (puc. 3).

[Ipu muarHoCTUKe KapaHTUHHOIO OpPraHUu3-
Ma B. zeicola YacTO BCTpPevalOTCs APyrue BUIBI poja
Bipolaris, KOTOpbIe UMEIOT CXOJHbBIE KYJIbTYPaJbHO-
Mopdosoruyeckue xapakTepUCTUKu. [JJisg TOUHOU
uIeHTU(GUKAIUY UCIIOJb3yeTCsl PAJ MPU3HAKOB,
KOTOpPBIE B COBOKYITHOCTY II03BOJISIIOT ONPENEIUTH
BUJOBYI0 MPUHAAJEXHOCTh rpuba. CpaBHUTENb-
Hble XapaKTePUCTUKU IpeJicTaBJieHbl B Tabuuile 2
U Ha pUcyHKax 4, 5.

B pesynbTaTe npeiBapUTENbHBI MUKPOCKO-
MUYeCKUU aHaJM3 IMoKa3aj, uTo MopdoJioruueckure
IIPU3HAKY COOTBETCTBOBAJIU BULY B. zeicola, Iyist majib-
HeUIero n3yueHus rnaToreHa IpuMeHIINU MOJIEKYIISP-
HO-TeHeTUYecKre MeTOIbl.

B npoiiecce paboThl alrpo6UPOBaHbI BUIOCITEIIY -
tuunble ipaliMmeps! Bz-F u Bz-R nyig umeHtudmuka-
uuu Buna B. zeicola. B pe3ynbTaTe onpeneleHbl aHa-
JIUTUYECKNE UYBCTBUTEJIbHOCTD U CIIEIU(PUUHOCTb.
[To 3aKJIFOUUTENIBHBIM JAHHBIM YCTaHOBJIEHBI pabounie
KpuTepuu. B Xoze ucciae[oBaHNS aHAIUTIUeCcKas UyB-
CTBUTEJNBHOCTB cocTaBuia 0,0242 Hr/MKJI. Pe3ynbTaThl
IIpeJiCTaBJIeHbl Ha PUCYHKE 6 U B TabiuIle 3.

[IpoBeneH aHaJIU3 CHeIMPUUHOCTU IIpaiiMe-
poB Bz-F u Bz-R ¢ IHK 11e1eBbIX U30JATOB B. zeicola,
O6IUBKOPOACTBEHHBIX B. sorokiniana, B. zeae, B. maydis
U TpubOB, TTOJIYUEeHHBIX B pe3yJibTaTe MCCIeL0BaHUN
MIOAKAPAaHTUHHOTrO MaTepuajga KyKypy3sl. JlaHHbIE
IIpesCcTaBJIeHbI B Tabaulle 4. B pe3yabTaTe MPOBEPKU
crieliuPUUHOCTY IIpaliMepoB BCeX M30JITOB B. zei-
cola Tosry4ueHs! crieiuUYHbIE TTPOAYKTHI PAa3MePOM
268 11. 0. (puc. 7, 8). BIM3KOPOJCTBEHHBIE U CXOIHBIE
BUZbI He JlaBaJiu MPOAYKTOB amMmmaudukanuu [11]P
IAaHHOTO pa3Mepa.

B pesynbTaTe ucCieq0BaHUH GbIJIO YCTAHOBJIEHO,
4TO BUAOCIenuuyuHble npaiMmepsl Bz-F u Bz-R nipu-
TOJIHBI ¥ IPYMEHUMBI JJIs TIPOBEJIEHUST TOYHOM U ObI-
cTpolt uaeHTudukanuu B. zeicola B 1a60paTOPHBIX
ycaoBugX. JlaHHasa AUarHOCTUYeCKasl CUCcTeMa IT03B0-
JINJIA BBISIBUTH BO3OYIUTEJS B UEThIPEX Pa3BeIeHUIX

a - B. turcica; b, ¢ — B. maydis; d — B. sorokiniana
(photos by I.P. Dudchenko)

were determined. According to the final data, working
criteria have been established. During the study, the
analytical sensitivity was 0.0242 ng/ul. The results are
presented in Figure 6 and Table 3.

There was performed specificity analysis of Bz-F
and Bz-R primers with DNA of target isolates of B. zei-
cola, closely related to B. sorokiniana, B. zeae, B. maydis
and fungi obtained as a result of studies of regulated
corn. The data are presented in Table 4. As a result of
testing the specificity of the primers of all B. zeicola
isolates, specific products of 268 bp in size were ob-
tained (Fig. 7, 8). Closely related and similar species
did not produce PCR amplification products of this
size.

As a result of the research, it was found that the
species-specific primers Bz-F and Bz-R are suitable
and applicable for accurate and rapid identification
of B. zeicola in the laboratory. This diagnostic system
made it possible to identify the pathogen in four DNA
dilutions, the analytical sensitivity was 0.0242 ng/ul.
The kit showed 100% analytical specificity for isolates
of the target B. zeicola species.

In the course of a comparative analysis of the nu-
cleotide sequences of the studied isolates of the genus
Bipolaris in the region ITS4-5, 8S-ITS5 with database
sequences, it was shown that the obtained sequences
of the isolates clustered into homogeneous groups and
belonged to four different species: B. zeicola, B. maydis,
B. sorokiniana v B. zeae (Fig. 9).

19 191 192 193 194 M 195 196 K

Puc. 6. dnekTpotoperpamma Fig. 6. Electropherogram
C pesynbratamu aHanuTuyeckoi  with analytical sensitivity
UYBCTBUTENIBHOCTHU results according

no Kang et al. to Kang et al.
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Puc. 7. AnekTpocthoperpaMmbl ¢ pesysibTaTaMn aHaIMTUYECKOM
crneumnUYHOCTU BblgeneHHbIX U3onaTos no Kang et al. (a—b)
(14, 19, 28, 29, 30, 33, 36, 37, 38 — usonsaTol B. zeicola;

4, 20, 22 - nsonsTol B. sorokiniana; 8, 21 — nsonsatel B. maydis;

23, 26, 27 - B. zeae; Ph7 — Phytophthora ramorum;

495.2 - Diaporthe vaccinii; 7813 — Monilinia fructicola;

Col - Colletotrichum sp.;

K+ — NonoXutenbHbli KOHTPONb; K-, K-4 — oTpuuaTenbHbIN KOHTPOb)

Fig. 7. Electrophoregrams with the results

of the analytical specificity of isolated isolates

according to Kang et al., 2018 (a—b)

(14, 19, 28, 29, 30, 33, 36, 37, 38 — isolates of B. zeicola;

4,20, 22 - isolates of B. sorokiniana; 8, 21 — isolates of B. maydis;
23, 26, 27 - B. zeae; Ph7 — Phytophthora ramorum;

495.2 - Diaporthe vaccinii; 7813 — Monilinia fructicola;

Col - Colletotrichum sp.; K+ — positive control; K-, K-ch — negative control)

JHK, agamuTrnyeckas 4yBCTBUTEJIbHOCTDb COCTaBUJIA
0,0242 ur/mria. Habop mokaszan 100%-10 aHaJIUTUYe-
CKYI0 CcIeIM(PUYHOCTD M0 OTHOIIEHUIO K U30JITaM
1eJeBoro Buaa B. zeicola.

B xome mpoBeIeHUS CPAaBHUTEJIbHOrO aHalu3a
HYKJIEOTUIHBIX TIOCJIE0BATENBHOCTEN N3yUaeMbIX
U30JIITOB poja Bipolaris 110 yuyacTky 1TS4-5, 8S-ITS5
C cukBeHcaMu 6a3 JaHHBIX ITOKA3aHO, UTO IMOJIyUeH-
HbI€ IT0CJIeI0BATEeJIbHOCTY U30JIITOB KJIaCTEPHU30Ba-
JIVCh B OLHOPOHbBIE IPYTIITHI ¥ OTHOCUJIMCH K UETHIPEM
pasnuyuHbIM BuaaM: B. zeicola, B. maydis, B. sorokiniana
u B. zeae (puc. 9).

3AKJ/IIOYEHUE

B pesynbTaTe MpOBeIeHHBIX UCCIEIOBAHN M3 PACTU-
TEJILHOTO ¥ CEMEHHOT0 MaTepuraia KyKypy3bl BhIe-
JieHo 24 n30yATa, IPUHAJIeXalux K pony Bipolaris:
13 usongaToB BUna B. zeicola, 5 N30J4TOB Buma B. so-
rokiniana, 3 n30a4aTa BULa B. zeae 1 3 U30J4Ta BULA
B. maydis. Tlo paHHBIM UCCJem0BaHUd, BUJI B. zeicola
6bLT BBISIBJIEH B 13 m3 422 06pasiioB CeMSIH KYyKypy-
3Bl PA3JINYHOTO MPOUCXOXKAeHUI. ClIyuau BhISIBIIE-
HUS KapaHTUHHOTO BUAA B. zeicola TOATBEPXKIAIOT
BBICOKUN (PMTOCAHUTAPHBIN PUCK IPOHUKHOBEHUS

Puc. 8. AnekTpodoperpamMmmbl ¢ pesynbratamMu
aHaNIMTUYeCKOol cneuu(uUUHOCTY BblAeNeHHbIX
Heuenesbix BUAoB no Kang et al. (a—-b)

(Y1,Y141,Y142a,Y142b, Y143, Y148-Y151, Y152a,
Y152b, Y153-Y155, Y157, Y158 — Buapl popa Fusarium sp.;
Y7 - F. sporotrichioides; Y2 - Alternaria alternata;

Y3-Y5 — Alternaria sp.; K+ — Nono>uTenbHbl KOHTPOSb;
K-u — oTpruaTenbHbIi KOHTPOSb)

Fig. 8. Electrophoregrams with the results
of the analytical specificity of isolated non-target
species according to Kang et al., 2018 (a—b)

(Y1, Y141,Y142a,Y142b, Y143, Y148-Y151, Y152a,
Y152b, Y153-Y155, Y157, Y158 — Fusarium sp.;

Y7 - F. sporotrichioides; Y2 — Alternaria alternata;
Y3-Y5 - Alternaria sp.; K+ — positive control;

K-u — negative control)

CONCLUSION

As a result of the studies, 24 isolates belonging to the
genus Bipolaris were isolated from corn plant and seed
material: 13 isolates of B. zeicola species, 5 isolates of
B. sorokiniana species, 3 isolates of B. zeae species, and
3 isolates of B. maydis species. According to the study,
B. zeicola was identified in 13 out of 422 corn seed
samples of various origins. Cases of detection of the qua-
rantine species B. zeicola confirm the high phytosanitary
risk of introduction of invasive species into the territo-
ry of the Russian Federation, therefore it is very impor-
tant to timely check regulated products for the absence
of quarantine fungi using modern diagnostic methods.

As a result of testing the species-specific prim-
ers Bz-F and Bz-R used for classical PCR, the studies
showed the effectiveness of this test system and its
applicability in the laboratory for accurate and rapid
identification of the quarantine pathogen C. carbonum
R.R. Nelson (= B. zeicola (Stout) Shoemaker).

duTtocaHutapus. KapaHTuH pacteHuin 42



ONATHOCTUKA  DIAGNOSIS

Ta6auna 3
Pe3ysbTaThl aHAJTUTUYECKOM
YyBCTBHUTEJIbHOCTH NpaiiMmepoB Bz-F u Bz-R

Table 3
Analytical sensitivity results
for the primers Bz-F u Bz-R
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0 19 1 24,2 +
2 +
3 +
1 19.1 1 2,42 +
2 +
3 +
2 19.2 1 0,242 +
2 +
3 +
3 19.3 1 0,0242 +
2 +
3 +
4 19.4 1 0,00242 -
2 —
3 —_
5 19.5 1 0,000242 -
2 —
3 —
6 19.6 1 0,0000242 —
2 —
3 —
7 K- 1 0 -
2 —
3 —_

VHBA3WBHBIX BUJIOB Ha Teppurtopuio Pd, mostomy
OYeHb Ba)KHO CBOEBPEMEHHO ITPOBEPATH ITOAKapaH-
TUHHYI MPOLYKIIUI0 HAa OTCYTCTBUE KAaPAaHTUHHBIX
rpubOB C ITOMOIIbI0 COBPEMEHHBIX METOJ0B AUarHo-
CTUKMU.

B pesynbTaTe MpoBeAeHUs arpobaliuy BULOCIIe-
nudUIHLIX TpaliMepoB Bz-F u Bz-R, ucnoiab3yeMbixX
s Kiaaccudeckoi [P, ucciieqoBaHus ITOKa3aiu 3¢-
(heKTMBHOCTD JAaHHOM TECT-CUCTEMBI Y TPUMEHNMOCTD
ee B 1ab0pPaTOPHBIX YCIOBUIX IJII TOUHOU U GBICTPON
UAeHTU(GUKAIUY KaPAaHTUHHOTO BO30YIUTEINS HOXK-
HOU MATHUCTOCTU KyKypy3sl C. carbonum R.R. Nelson
(= B. zeicola (Stout) Shoemaker).

[IpoBeneHUE IPELBAPUTEIbHBIX KYJIbTyPaJIbHO-
MOP(OJIOTUYECKUX U TTOCTENYIOUIMX MOJIEKYISIPHO-
TeHEeTUYEeCKUX aHaJN30B IMOATBEPAUIIO UNEeHTUDU-
KallMio KapaHTUHHOTO BuIa B. zeicola B MMIIOPTHOM

39

HF934939.1 Bipolaris zeicola CBS 317.64

MH864761.1 Bipolaris zeicola culture CBS:127732
GU256748.1 Bipolaris zeicola strain ATCC 48129

58 MH864760.1 Bipolaris zeicola culture CBS:127731
KP211449.1 Bipolaris zeicola isolate T27

KT363887.1 Bipolaris zeicola strain ACCC38964

KX834937 .1 Bipolaris zeicola isolate BZ38

50187’212.1 Bipolaris zeicola culture-collection NRRL 47506

i KC315934 1 Cochliobolus bicolor strain K81
95 ' KXT83376.1 Bipolaris bicolor isolate ZB11060982
AF120260.1 Cochliobolus bicolor strain CBS 690.96
ON329189.1 Bipolaris bicolor isolate ML9021
MT505878.1 Bipolaris bicolor strain PPRE26465

MF490805.1 Bipolaris bicolor strain CPC 28825
93 | MH201400.1 Bipolaris bicolor strain YB450101
KY047110.1 Bipolaris bicolor strain HMC3
KJ909762 1 Bipolaris bicalor isolate CBS690.95

27
26

23
MT505867 1 Bipolaris zeae strain CNO02C1
MHBE4691.1 Bipolaris zeae culture CBS:127716

MHBE4763.1 Bipolaris zeae culture CBS:127735
KJ909786 1 Bipolaris zeae isolate AR3IT95
MH864762 1 Bipolans zeae culture CBS:127734
KT363895 1 Bipolanis zeae strain ACCC38958
KU571464.1 Bipolaris zeae strain NBC1
OK584734 1 Bipolaris zeae isolate ZY2

10

7
20

22

MH856637 .1 Bipolaris sorokiniana culture CBS:304.50
MH858440.1 Bipolaris sorokiniana culture CBS:311.64
42 | MH864696.1 Bipolaris sorokiniana culture CBS:127722
MH864697 1 Bipolanis sorokiniana culture CBS:127723
MH864698.1 Bipolanis sorokiniana culture CBS:127724
MT804347 1 Bipolaris sorokiniana isolate WBE
KP097724 1 Bipolaris sorokiniana isolate HF 1407
KX066033.1 Bipolaris sorokiniana strain JCP44
MZ078507 .1 Bipolaris sorokiniana strain P523
KU194490.1 Bipolaris sorokiniana culture ICMP:6809

AF071325.1 Cochliobolus heterostrophus

GU480772.1 Cochliobolus heterostrophus strain 1
KUBT70347 1 Bipolanis maydis isolate CHO03
KX834898.1 Bipolaris maydis isolate BM34
KX834866.1 Bipolaris maydis isolate BM1

99 | KT363891.1 Bipolaris maydis strain ACCC38955

KUBT70642 1 Bipolaris sorokiniana voucher SAUCC20150827

GQB70276.1 Cochliobolus heterostrophus isolate SHO1
X AF158107.1 Cochliobolus heterostrophus strain Leonard HM80

JX094779.1 Cochliobolus heterostrophus strain ATCC 64121

[ ——
0.0020

Puc. 9. Oenpporpamma,
NoCcTPOeHHasi Ha OCHOBaHUM
nocnepoBaTenbHOCTEN y4aCTKOB
BHYTPEHHEro TpaHcKpubupyemoro
cnevicepa. MeTon MaKkCcMMasnbHOMoO
npaepgonopobus, mopens JC

MHB55024 1 Bipolaris maydis culture CBS:136.29
ON342866.1 Bipolaris maydis voucher CIRAD:MLS030
ON342865.1 Bipolaris maydis voucher CIRAD:MLS001
(231"!362999.1 Bipolaris maydis isolate Bm 11

13

8

Fig. 9. Dendrogram

built on the basis of the
sequences of sections of
the internal transcribed
spacer. Maximum likelihood
method, JC model

Conducting preliminary cultural and morphologi-

cal and subsequent molecular genetic analyzes con-
firmed the identification of the quarantine species
B. zeicola in imported seed material. Thus, the combi-
nation of classical and modern molecular methods for
diagnosing dangerous quarantine species in incoming
regulated products guarantees the reliability of the re-
sults of mycological studies.
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Tao6auna 4

N3oaaTtel rpu6oB poaa Cochliobolus, BbiieieHHBIE B X0/ie Pa60oThI

Table 4

Isolates of Cochliobolus sp. fungi isolated in the course of work

Ne¢ Homep usonara Bupg

CTpaHa npo-

n/u Isolate number Species PacTenme-xo3auH Host plant seeds wucxoxkgenus Origin
1 1 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypy3bl corn seeds CIIA USA

2 2 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypy3bl corn seeds CIITA USA

3 14 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypy3bl —corn seeds dpaHIUS France
4 19 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypy3sl corn seeds CIIA USA

5 28 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypy3bl corn seeds = =

6 29 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypy3bl corn seeds - -

7 30 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypy3el corn seeds dpaHIUA France
8 33 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypy3sl corn seeds - -

9 34 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypy3bl corn seeds - -

10 36 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypy3sl corn seeds - -

11 37 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypysbl corn seeds - -

12 38 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypyabl corn seeds - -

13 39 B. zeicola (G.L. Stout) Shoemaker ceMeHa KyKypysbl corn seeds - -

14 4 B. sorokiniana Shoemaker ceMeHa TYMeHS barley seeds - -

15 20 B. sorokiniana Shoemaker ceMeHa IeHuIlbl  wheat seeds - -

16 22 B. sorokiniana Shoemaker ceMeHa IieHuIlbl  wheat seeds - -

17 10 B. sorokiniana Shoemaker ceMeHa nuleHunbl wheat seeds = =

18 7 B. sorokiniana Shoemaker ceMeHa TUMeHs barley seeds - -

19 23 B. zeae Sivan. = = = =

20 26 B. zeae Sivan. - - - -

21 27 B. zeae Sivan. = = = =

22 8 B. maydis (Y. Nisik. & C. Miyake) Shoem. cemeHa KyKypy3bl corn seeds Poccus Russia
23 13 B. maydis (Y. Nisik. & C. Miyake) Shoem. cemeHa KyKypy3bl corn seeds KHP China
24 21 B. maydis (Y. Nisik. & C. Miyake) Shoem. ceMeHa KyKypy3bl corn seeds Poccus Russia

ceMeHHOM MaTepuajie. TakuM 006pa3oM, coueTaHue
KJIACCUUECKUX U COBPEMEHHBIX MOJIEKYIIPHBIX Me-
TOZOB NUATHOCTUKM OMACHBIX KAPAaHTUHHBIX BUIOB
B IIOCTYTAOIIEl TOIKAPAHTUHHOM MTPOAYKIIMY TapaH-
TUPYET HAJIe)KHOCTb PE3YJIbTATOB MUKOJOTUUECKUX
HWCCJIeJOBAaHUM.
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AHHOTALIA

CraTbs mocBgauieHa Aphelenchoides besseyi Christie,
1942 — pucoBo# aucTOoBON HeMaTome. OHa pacIpo-
CTpaHeHa BO MHOTHUX CTPaHaxX MHpPa, BO3JIEJIbIBAIO-
LIUX prC. B HacTosIIee BpeMs OHa UCKJIIoueHa us Enu-
HOTO [TePeYHs KapaHTUHHBIX 00beKTOB EBpa3suiickoro
5KOHOMUYECKOTO COI03a, OJHAKO SIBJISIETCS PETYIUPY-
eMOM PSIIOM CTPaH — UMIIOPTEPOB POCCUICKOM IIPO-
IYKIAN.

BpenuTenb saBiseTcsa moaudaroM m mopaka-
eT 6OJIbIION KPYT pacTeHui. B cTpaHax EBpomeii-
cko¥l m Cpeam3eMHOMOPCKOM OopraHu3aliuy II0 Ka-
paHTUHY U 3amuTe pacteHuit (EOK3P) 0CHOBHBIMU
pacTeHusIMU-X03sI€BaMU, KOTOPble IOABEPraiTCs
HauboJIbIIEMY PUCKY 3apa’keHUsI HeMaTozou A. besseyi,
SABJSIOTCS puc U KiIybHuKa (PM 7/39 (1), 2004). ITo-
CKOJIBKY PUC SIBJISIETCS BaXKHBIM TIPOAYKTOM ITUTAHUS,
10 TTOCEBHBIM ILIOIIALSIM 1 BaJIOBBIM cOOpaM 3epHa
OH 3aHMMAaeT B MUPOBOM 3eMJIeJIeIUY BTOpOe (T1ociie
MIIEeHUIIbI) MECTO.

B craTbe 06061eHa ¥ TTpOaHATIN3UPOBaHA HAYY-
Has nH@opMaIyg 1o reorpaguueckoMy pacipocTpa-
HEHUI0, BPEJOHOCHOCTY PHCOBOM JIMCTOBOI HEMAaTOI bl
A. besseyi, ee G03KOJIOTUYECKUM 0COOEHHOCTSM, METO-
Iy MOp(oJIOrnuecKoi AMarHOCTUKY. V3yuyeHbl METO/IbI
MOJIEKYJIIPHO-T€HETUYECKON NAEHTU(DUKAIIUY PUCO-
BOW JINCTOBOU HEMATOZBI A. besseyi, TpuMeHsieMble B 3a-
PYOEXXHBIX UCCIeIOBaHUAX. [IpU ITPOBEIeHUM HAIITHUX
HCCJIeJOBAaHUI MCII0JIb30BaJY HEMATO, COOPaHHBIX
BO BpeMs sKcIleauiuil Ha JanbHui BocTok (ITpuMop-
CKUU Kpa¥, XaHKalCcKu# paiioH) 1 B KpacHomapCcKuii
Kpaii Poccutickoit ®enepanuu. [IpoBeseHa BUI0Bas
UAeHTU(GUKAIIMS HeMAaTOoZ, IT0 MOP(OJIOTMYECKUM IIPH-
3HaKaM B COOTBETCTBUU C METOAUYECKMMY PEKOMEH-
IaIMsSIMMY 110 BhISIBJIEHUIO U UAEHTU(PUKAIIMYA PUCOBOM
HeMaTozbl Aphelenchoides besseyi Christie (MP BHVUVKP
N2 89-2016). [Jyis 1abopaTOPHOTO MCCIeNOBAHUS UC-
MTOJIB3YIOT KaK MOP(OJIOTUYECKUE, TAK U MOJIEKYJISIP-
HbIe MeTOAbL. PazpaboTKa ¥ MpUMEHEHNE COBPEMEHHBIX
METO/IOB IMAaTrHOCTUKY B 06JIaCTY KapaHTUHA PACTeHUN
SIBJISIIOTCST aKTYaJIbHBIMU JIJIS1 BBISIBJIEHUS U UIEHTUDU-
Kalluy PUCOBOM JINCTOBOM HEMATOXBI A. besseyi.

[IpoBe/ieHO HCCIe0BaHNe C TOMOIIbI0 ITOJIU-
MepasHou 1enHoi peakiuu ([1LIP) ¢ ucoab30Ba-
HUEeM cMecel IJIs aMIIuPUKAIu KOMMEePUYeCcKOoTo
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ABSTRACT
The article is dedicated to Aphelenchoides besseyi Chris-
tie, 1942 —rice leaf nematode. It is widespread in many
rice-growing countries. Currently, it is excluded from
the Common List of Quarantine Objects of the Eurasian
Economic Union, however, it is regulated by a number
of countries importing Russian products.

The pest is polyphagous and infects a wide range
of plants. In the European and Mediterranean Plant
Protection Organization (EPPO) countries, rice and
strawberries are the main hosts most at risk from
A. besseyi infestation (PM 7/39 (1), 2004). Since rice is
an important food product, it occupies the second place
(after wheat) in world agriculture in terms of sown area
and gross grain harvest.

The article summarizes and analyzes scientific
information on the geographical distribution, harm-
fulness of the rice leaf nematode A. besseyi, its bioeco-
logical features, and the method of morphological diag-
nosis. The methods of molecular genetic identification
of the rice leaf nematode A. besseyi used in foreign re-
search papers have been studied. When conducting
our research, we used nematodes collected during ex-
peditions to the Far East (Primorsky Krai, Khankaisky
District) and Krasnodar Krai of the Russian Federation.
The species identification of nematodes by morpho-
logical characteristics was carried out in accordance
with the guidelines for the detection and identifica-
tion of the rice nematode Aphelenchoides besseyi Chris-
tie (MR VNIIKR No. 89-2016). For laboratory research,
both morphological and molecular methods are used.
The development and application of modern diagnosis
methods in the field of plant protection are relevant for
the detection and identification of the rice leaf nema-
tode A. besseyi.

The study was conducted with polymerase
chain reaction (PCR) using commercial amplification
mixtures 5x MasP’Taq MIX-2025 and 5x Mas®Taq
MIX-2025 Dialat Ltd. (Russia), as well as 5x ScreenMix,
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npousBofcTBa 5x MasPPTaq MIX-2025 u 5x Mas®*Taq
MIX-2025 3A0 «Jduanat Jitn.» (Poccus), a Takxke
5x ScreenMix, 5x ScreenMix-HS u 5x ScreenMix-HS
(UDG) 3A0 «EBporen» (Poccus).

Kntouesvie cnosa. KapaHTUH pacTeHUl, MOJIEKY-
JIIPHO-TeHEeTUYEeCKUU MeTOo[, TToJiuMepa3Has IelHas
peakIius, pucoBas JIUCTOBas HeMaTona, MOpQOIOTH-
JecKue IpUsHaky, MopdomeTpus.

BBEJEHUE

OCKOJIBKY PUC SIBJSETCS ILEeHHBIM
TIPOAYKTOM MMUTAHUS, TI0 [TOCEBHBIM
TIJIOMIAZSIM 1 BaJOBBIM cbopam 3ep-
Ha OH 3aHVMAaeT B MUPOBOM 3eMJIe-
Ienuu BTOpoe (Tocjie TMIIIEeHUIIbI)
MecTo. OCHOBHBIE ILJIOMIAAU STOU
KYJIBTYPBl COCPEIOTOYEHBI B CTpa-
Hax IOro-BocTouHol A3suu: HIUH,
[TakucTtaHe, BoetHame u Kutae (XapueHko, Py0aH,
2015). B Poccum prc BO3OENBIBAIOT B IEBSITU PETHO-
Hax. KJIloueBbIM PETMOHOM BO3IENIBIBAHUS SABJISIETCS
KpacHogapckuii kpaii. [To utoram 2021 roma 73,6%
puca 6bL10 cobpaHo B KpacHomapckoM kpae, 9,8% —
B Pecmrybsivke JlarectaH, 6,6% — B PocToBCKOI o6Jia-
cty, 4,4% — B Pecrniybsiike Anpiree, 1,9% — B AcTpa-
XaHCKoI o6yactu, 1,8% — B [IpuMopckoM Kpae. Takxe
puc BosmenbiBaloT B YeueHckol Pecryosuke (1,0%),
Pecny6simke Kanmbikuu (0,8%), EBpelicKoi aBTOHOM-
Ho# o6sactu (0,03%). OCHOBHBIMM MMIIOPTEPAMU
poccutickoro prca Ha 2021 rof ABJISJIUCDH CIENYIONIe
ctpaHbl: Typuus, Monrosus, KazaxctaH, Azepbaii-
’KaH, YkpawHa, An6anus, Bemapych, Benbrus, Vop-
nauug, Mapawab, ApMeHuda, TamxkukucraH, ['pysud,
CIIIA, Pecniy6nuka MospmoBa, OA3, Kuprusus, Kutaii
u gpyrue (http://stat.customs.gov.ru/analysis).

Cpenu pakToOpOB, TUMUTUPYIOIIVX POCT YPOXKaK-
HOCTU puca W APYTUX KyJbTyp, 60JIbllIOe 3HAUEHUE
uMelT 6oJyie3Hu U Bpenutenu (Jexkep, 1972). He-
MAaTO/Ibl CHMI)KAIOT CEMEeHHbIe U TOBAPHbIE KauecTBa
pacTuTeNIbHOM NMPOAYKIIUY. B mpoliecce MUTaHUS Ha-
pylIaeTcs 11eJOCTHOCTD KJIETOK PACTUTEIbHON TKa-
uu puca (TTorroBa, 2001, 2004). Bpei, TpUYNHIEMBbIT
HeMaToZaMu, yCyTybJisieTcs TeM, UTO OHU CIIOCOOCTBY-
I0T PaACIIPOCTPAHEHUI0 I'PUOGHBIX, BUPYCHBIX U 6aKTe-
puanbHbIX 3a6osieBaHul pacTenuit (Koctelies, 2011).

OIHUM U3 BpeauTesel prica sBJISeTCs JUCTOBas
Hemartoga Aphelenchoides besseyi Christie (1942), BbI-
3BIBAIOIIAS 3HAUUTENbHYIO TIOTEPI0 YPOXKast B 6OJIb-
IIUHCTBE PUCOCEINUX PETrMOHOB TPOMUKOB U Cy6-
TPOMUKOB. PucoBas HeMmaTozma A. besseyi cuuTaeTrcs
CyOTPOIMYECKUM U TPOTIMYECKUM BUJIOM, HO BCTpe-
JaeTcs TakXKe B YyMEePEHHBIX MUPOTax. beJoBepIInH-
HOCTb, BhI3bIBa€Masi PUCOBOM JINCTOBOM HEMATOIOM
A. besseyi, Tak)xe Ha3bIBaeTcs a)eJIeHXOUI030M U 13-
BecTHa 6oJiee 100 j1eT, 06Hapy’KkeHa BIIEPBbIE B IOHUN
B 1915 1. (Xapuenko, Py6an, 2015). PucoBas JiucToBas
HeMaToZa paclpocTpaHeHa BO MHOTMX CTpaHaxX MUpPa,
Bo3mesbiBaiomux puc (puc. 1) (llectunepos, CaBOTHU-
KOB, 1995; Brown et al., 1993).

B oTzenbHbBIE TOIBI TOPAYKEHUE HEMATOLAMMU ITPH-
HUMAaeT XapaKTep sIU(OUTOTUMN, BbI3bIBasl 3HAUUTEIb-
HOe yXyAllleHne KauecTBa 3epHa. B KpacHomapckoM

5x ScreenMix-HS and 5x ScreenMix-HS (UDG)
Evrogen (Russia).

Key words. Plant protection, molecular genetic
method, polymerase chainreaction,riceleafnematode,
morphological characteristics, morphometry.

INTRODUCTION

ince rice is a valuable food product, it occu-

pies the second (after wheat) place in world

agriculture in terms of sown area and gross

grain harvest. The main areas of this cul-

ture are concentrated in the countries of
Southeast Asia: India, Pakistan, Vietnam and China
(Kharchenko, Ruban, 2015). In Russia, rice is culti-
vated in nine regions. The key region of cultivation is
Krasnodar Krai. At the end of 2021, 73.6% of rice was
harvested in Krasnodar Krai, 9.8% — in the Republic of
Dagestan, 6.6% — in Rostov Oblast, 4.4% — in the Re-
public of Adygea, 1.9% — in Astrakhan Oblast, 1.8% —
in Primorsky Krai. Rice is also cultivated in the Chech-
en Republic (1.0%), the Republic of Kalmykia (0.8%),
the Jewish Autonomous Region (0.03%). The main
importers of Russian rice for 2021 were the following
countries: Turkey, Mongolia, Kazakhstan, Azerbaijan,
Ukraine, Albania, Belarus, Belgium, Jordan, Israel, Ar-
menia, Tajikistan, Georgia, USA, Republic of Moldova,
UAE, Kyrgyzstan, China, etc. (http://stat.customs.gov.
ru/analysis).

Among the factors limiting the growth of yields of
rice and other crops, diseases and pests are of great im-
portance (Dekker, 1972). Nematodes reduce the seed
and commercial qualities of plant products. In the pro-
cess of nutrition, the integrity of rice plant tissue cells
is disturbed (Popova, 2001, 2004). The harm caused by
nematodes is exacerbated by the fact that they contrib-
ute to the spread of fungal, viral and bacterial plant dis-
eases (Kostylev, 2011).

One of the rice pests is the leaf nematode Aphelen-
choides besseyi Christie (1942), causing significant yield
loss in most rice-growing regions of the tropics and
subtropics. The rice leaf nematode A. besseyi is consid-
ered a subtropical and tropical species, but also occurs
in temperate latitudes. “Whitehead” caused by the rice
leaf nematode A. besseyi, also called aphelenchoidosis,
has been known for over 100 years, and was first de-
tected in Japan in 1915 (Kharchenko and Ruban, 2015).
The rice leaf nematode is spread in many countries
cultivating rice (Fig. 1) (Shestiperov, Savotikov, 1995;
Brown et al., 1993).

In some years, nematode damage takes on the
character of epiphytoties, causing a significant deterio-
ration in grain quality. In Krasnodar Krai, the rice leaf
nematode was first reported in 1939. Later, the mani-
festation of the disease was noted in Rostov Oblast and
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Kpae pucoBas JINCTOBas HeMAaTOMa BIIEPBbIe ObLiIa
obHapyxeHa B 1939 r. TTo3xe NposiBJieHUEe 6GOJIe3HU
OTMeyYajioch B POCTOBCKOM 1 ACTpaxaHCKOM 06JIaCTsIX,
CTaBpOMIOJILCKOM Kpae, /larectaHe, Ha [lanbHeM Boc-
TOKe, a TakXe B Y36ekucTaHe, Peciybiuke MoJiioBe,
Ha YKpauvHe U B psijie IPYTuX cTpaH. HecMoTps Ha TIpu-
HHMaeMble MepbI 60pbOBI ¢ (QUTOHEMAaTOZaMU, ITPOoGIIe-
Ma YMEHbIIEeHUS IPUUNHIEMOT0 UMY Bpea IIPOJI0JI-
JKaeT ocTaBaThbcs cepbe3Hoit (ByTopuna u nip., 2006).

HemaToma mopa)kaeT GOJIbIION KPYT PacTeHUH,
aBasercsa nogudarom. OCHOBHBIMU PACTEHUSIMU-
X03s€BaMU, KOTOPble MO/ABEPralTcd HauboJblieMy
PUCKY 3apa’keHUsI HEMaTozIou A. besseyi, SBJISIIOTCS PUC
u KiIyoHuKa (Sanchez-Monge et al., 2007). HemaToza
BBI3bIBAET XapaKTepHoe Io0ejieHre KOHUYNKOB BePX-
HUX JINCTHEB PHCa, KOTOPbIE BIOCENCTBUY CTAHOBSIT-
Csl HEKPOTHUUECKUMH, a TaKI)Ke ITOPaKaeT METEJIKY, UTO
MIPUBOJUT K ITOTePe yposkast. Ha 3eMyisiHUKe (KIyOHU-
Ke) MOXKHO HabJII0aTh KapJIMKOBOCTh ¥ CMOPIILUBA-
Hue nuctbeB (Desaeger, Noling, 2017). [1o mJaHHBIM
EOK3P, A. besseyi He BcTpeuaeTcs: ceBepHee 43° c. 1.
Ha puce u 40° c. 1. Ha KIyoHUKe. OLHAKO, COTJIACHO
OTeUYeCTBEHHOU JIMTEPAType, B HAIIEH CTpaHe BpPeu-
TeJb Ha puce gocturai 48° c. mi. ([llectumepos, CaBo-
TUKOB, 1995).

O cepbe3HBIX TOTEPSIX, CBI3AHHBIX C A. besseyi
B dnonuu u yactu CIIIA, coobmany ¢ Havaia XX Beka
(ocobenno ¢ 1935 1m0 1945 1.). Ho ¢ 1OsIBJIeHEM YCTOM-
YUMBBIX COPTOB pPrca U APYrux Mep 60pb0bI BpeLoHOC-
HOCTBb HEMATO/Ibl YMEHbIIUJIACH.

PucoBas HeMaToZa IIPeICTaBJIIET OMIaCHOCTD
IJIT CEMEHHOTO M IT0CAZI0OYHOTO MaTepuaJa: ce-
MSIH pHca JIJIs TI0CEBa, PACTEHUM 3eMIITHUKY (KITyOHU-
KW), KIIyOHEeH, TyKOBUII, KOPHEBUII. PrcoBas HeMaToga
peryaupyeTcs B psjie CTPaH, KOTOPbIe SKCIIOPTUPYIOT
POCCUICKYI0 3ePHOBYI0 IPOAYKIIMIO (BpemHble opra-
HU3MBbI, UMeIoIe KapaHTUHHOE 3HaueHue AJsI EB-
porbl, 1996). B ciayuae eciy pucoBast HEMaTO/1a BbISIB-
JISIETCS B TIOCTABJIIEMOU TTPOAYKIIVU, B COOTBETCTBUU
C MEX/IyHapPOIHbBIM M HAITMOHAJIbHBIMY (DUTOCAHUTAP-
HBIMM 3aKOHO/IATEIbCTBAMU MOTYT OBITH IIPUHSITHI CO-
OTBETCTBYIOIIVE (PUTOCAHUTAPHBIE MEPbI (HAIPUMED,
OCYIIIECTBJIEH BO3BPAT, YHUUTOXEHYE, 06pabOTKY MU
BBeJleHVe BPEeMEHHbBIX OTPaHUUYEeHUN
Ha BBO3 3ePHOBOM IPOAyKIuu 13 Poc-
CUM), KOTOPBIE TIPUBEAYT K CYIIECTBEH-
HBIM SKOHOMUWYECKUM U3AEPIKKAM.

BpeloHOCHOCTb HEMATOIBI IIPO-
SIBJISETCS B HadaJie POCTa ¥ Pa3BUTUS
pacTeHu#. Y CUJIBHO 3apakeHHBIX
CeMsH puca CHIMKAeTCs S9HePrus IIpo-
pacTaHusa 1 BCXOXXeCTH. [lopakeHue
TOYEK POCTa I'yOUTEJIbHO IJIsT pacTe-
HUM, TaK KaK 4acTO IIPUBOAUT K UX
yChIXaHWI0 U rubenu. Beimag pacre-
HUY B ouarax adejeHxou103a J0CTU-
raeT 20-35%. Y mopaxeHHbBIX pacTe-
HUM YMEHbIIAETCS YUCIO KOJIOCKOB,
YBEJIMUMBAETCS ITPOIIEHT HEOTLJIOHOT-

BOPEHHBIX IIBETKOB, MYILIBIX 3€PEH  pyc. 1. PacnpocTpaHeHue pUCcOBOii

(KupbsHoBa, Kpasib, 1971).

BepxHue KOHIBI mopakeHHBbIX (https:/gd.eppo.int/taxon/APLOBE)

JucTbeB (3—5 ¢M), TUIIEHHbIE XJIOPO-

(bunbHBIX 3epeH, B a3y BLIMEThIBAHUS OEJIeI0T, T03TO-
My 3ab0JieBaHMe TTepBOHAYAIBHO ITOJIYYMJIO Ha3BaHe
«beJoe TIaMsi», «6ejias BepIInHKa», Wi 6eJI0BePIINH-
HocTb puca (puc. 2) (Kupbauosa, Kpamib, 1971).

Astrakhan Oblast, Stavropol Krai, Dagestan, the Far
East, as well as in Uzbekistan, the Republic of Moldova,
Ukraine and a number of other countries. Despite the
measures taken to control plant nematodes, the prob-
lem of reducing the harm they cause is still serious (Bu-
torina et al., 2006).

The nematode infects a wide range of plants,
so it is a polyphage. The main hosts most at risk for
A. besseyi infestation are rice and strawberries (San-
chez-Monge et al., 2007). The nematode causes a cha-
racteristic whitening of the tips of the rice upper leaves,
which subsequently become necrotic, and also infects
the panicle, resulting in yield loss. On wild strawber-
ries (strawberries), stunt and wrinkling of leaves can
be observed (Desaeger, Noling, 2017). According to
EPPO, A. besseyi does not occur north of 43° N on rice
and 40° N on strawberries. However, according to liter-
ature, in Russia, the pest on rice reached 48° N (Shesti-
perov, Savotikov, 1995).

Serious losses associated with A. besseyi in Japan
and parts of the United States have been reported since
the beginning of the 20™ century (especially from 1935
to 1945). But with the advent of resistant varieties of
rice and other control measures, the harmfulness of the
nematode has decreased.

The rice leaf nematode is dangerous for seed and
planting material: rice seeds for sowing, wild straw-
berry (strawberry) plants, tubers, bulbs, rhizomes.
The rice leaf nematode is regulated in a number of
countries that export Russian grain products (Pests of
Quarantine Importance for Europe, 1996). If the rice
nematode is detected in the supplied products, in ac-
cordance with international and national phytosanitary
laws, appropriate phytosanitary measures can be taken
(for example, return, destruction, processing or the in-
troduction of temporary restrictions on the import of
grain products from Russia) that will lead to significant
economic costs.

The harmfulness of the nematode manifests it-
self at the beginning of the growth and development
of plants. In severely infected rice seeds, the vigor ger-
mination is reduced. Damage to growth points is det-
rimental to plants, as it often leads to their drying out

Fig. 1. Aphelenchoides besseyi
Hemartopbl Aphelenchoides besseyi B mupe  around the world

(https://gd.eppo.int/taxon/APLOBE)
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Puc. 2. BHelHMe cCMMNTOMbI NopaXkeHus pacteHuin puca  Fig. 2. External symptoms of damage to rice plants by nematode
HeMmaTonoi Aphelenchoides besseyi (hoTto A.B. UBaHoBa) Aphelenchoides besseyi (photo by A.V. Ivanov)

3apakeHHbIe PAaCTEeHUs puca He BCETa MOTYT
MIPOSIBJIATDH Kakye-Ir60 CUMIITOMEIL. Jlaxke eciiu obec-
1IBEUNBAHME TTOSIBJISIETCS HAa BCXOIaX BOCIIPUUMUMBBIX
COPTOB B CTaJINU MEPBBIX 2—3 JIUCTHEB, KaK ITPaBUJIO,
IIepBbIE€ XOPOIIO 3aMETHbBIE CUMIITOMBI ITOSIBJISIOTCS
B KOHIIe CTaAuM KyllleHus. Ha 3To¥ cTaguu moBpe-
JKJIEHHBIE JINCThSI YKOPOUEHHbIE, 3aMETHO CKPYUYEH-
Hble B BePXyLUIEYHOU yacTu, TOGPUPOBaHHEIE, C Oe-
JIECBIMU BepXyIIKaMU. MeTeJika 4YacTO Pa3BUBAETCS
JIMIIb YaCTUYHO WJIM He Pa3BUBAETCs BOODIIE, ee pas-
Mep YMeHbIIIaeTcs, Kak ¥ YMCJio 3epeH. Ha 6oJiee o3 -
HeU CTauM KOJIOMIeHY S HabJII0IaeTCsI ITyCTOKOJIOCHUIIA
(3unHOBBEBA, YnKoB, 2012). Kporolye YemynKu CTaHo-
BATCS 6eJIbIMU, 3ePHOBKA CMOpPIIeHHAas, IyTIas Uin
COBCEM OTCYTCTBYeT. CUJIbHO TTOpPaKeHHbIe MeTeJ-
KU He IIOHUKAIT, TaK Kak comepixar 10 90% mycThIX
U UIYIJIBIX 3epeH. XapaKTepHOU 0CO6EeHHOCThIO 3a-
PaXXeHUs ABJISIETCS TOSIBJI€HNE OT OCHOBaHMS CTebJs
(M3 HMIKHUX Y3JI0B) NOTIOJHUTEIbHBIX MEJIKUX MeTe-
JIOK. Ha cuJIbHO MOpa)keHHbIX PaCTEHUAX HabJI0IaeT-
cs cpactanue (yara B Buie TPYOKU C ITePEMbIYKOMN HaJ,
OoTpacTawuell MeTeJIKON — «3aKyKJIMBaHUE METEJIKI».
Takye pacTeHMs XOPOIIIO 3aMeTHBI B IToceBax (XapueH-
Ko, Py6aH, 2015).

CUMIITOMBI TOPAYXEHUSI HEMATOI0 TTPOSIBJISIOT-
Cs TaK)Ke B BUJIe MO3aUYHOCTY, CKDYUMBAHUS B CIIU-
panb u gedpopmanuu. ApeeHX0NA03 Pa3BUBAETCSI
B TeUeHNe BCEro Iepro/ia BereTalluy prca 1 rHopaxaeT
BCe HaJ3eMHble oprausl (Sivakumar, 1987). [TposiBiie-
HUe 60JIe3HU 3aBUCUT OT COPTA PYCA, ITOTOAHBIX YCJIO-
BUM, arPOTEXHUKH, YMCJIeHHOCTH mmaToreHna (Giudici,
Callegarin, 2005).

Il 1TabopaTOPHOTO UCCIEOBAHUS C 1IEJIbI0 BbI-
SIBJIEHUS] PUCOBOM JINCTOBOM HEMATO bl TPUMEHSTIOTCS
Kak MOPGOJIOTUYECKHE, TAK ¥ MOJIEKYJISIPHBIE METO/IBL.
[TOCTOSTHHOE COBEPIIEHCTBOBAHUE MOJEKYISIPHBIX
METO/IOB TPe6yeT HOBBIX ITOJX0I0B K pa3paboTke Aua-
THOCTUYECKUX ITPOTOKOJIOB 110 BBISIBJIEHUIO Y UIEHTU-
¢ukanuu. ITpeacTaBiseTcs aKTyaJbHOU pa3paboTka
U TIpUMeHeHNe COBPEMEeHHbIX METOL0B B 06J1aCTH Ka-
PaHTWHA PacTeHUU M BBISIBIECHUS U UIeHTUDUKA-
UV BPEIUTEJS prca — PUCOBOM JIMCTOBOM HEMATObI
Aphelenchoides besseyi.

Insg nuarHOCTHUKYM HeMmaTton pomaa Aphelen-
choides UCTIONIb3YIOTCS Te YK€ MOJIEKYJISIPHbIE METO-
IIBI, UTO U JJisI GOJIbIIMHCTBA JPYTUX BUILOB HEMATOZ,
BkJtouag ITLP-TIAP®, TILIP ¢ BumocnelluUUHbIMU

and death. The loss of plants in the outbreaks of aphe-
lenchoidosis reaches 20-35%. In affected plants, the
number of spikelets decreases, the percentage of un-
fertilized flowers, feeble grains increases (Kiryanova,
Krall, 1971).

The upper ends of the affected leaves (3—5 cm), de-
void of chlorophyll grains, turn white during the head-
ing phase, so the disease was originally called “white
flame”, “white tip”, or rice white tip (Fig. 2) (Kiryanova,
Krall, 1971).

Infected rice plants may not always show any
symptoms. Even if discolouration appears on the
seedlings of susceptible varieties in the first 2—-3 leaf
stage, as a rule, the first clearly visible symptoms ap-
pear at the end of the tillering stage. At this stage,
damaged leaves are shortened, noticeably twisted at
the apex, corrugated, with whitish tips. The panicle
often develops only partially or does not develop at
all, its size decreases, as does the number of grains.
At a later stage of heading, an empty ear is observed
(Zinovieva and Chizhov, 2012). The covering scales
become white, the caryopsis is shriveled, puny or
completely absent. Severely affected panicles do not
droop, as they contain up to 90% of empty and feeble
grains. A characteristic feature of the infection is the
appearance of additional small panicles from the base
of the stem (from the lower nodes). On severely affect-
ed plants, the fusion of the flag in the form of a tube
with a bridge over the growing panicle is observed —
“panicle pupation”. Such plants are clearly visible in
crops (Kharchenko, Ruban, 2015).

Symptoms of nematode damage also appear in
the form of mosaic, twisting into a spiral and defor-
mation. Aphelenchoidosis develops during the entire
vegetation period of rice and affects all aboveground
organs (Sivakumar, 1987). The manifestation of the dis-
ease depends on the rice variety, weather conditions,
agricultural technology, and the pathogen number (Gi-
udici, Callegarin, 2005).

For laboratory research in order to identify the
rice leaf nematode, both morphological and mole-
cular methods are used. Continuous improvement of
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npariMepamu, I11IP B pealbHOM BpeMeHH, a TaKXKe
MeTOZbI YacTUUHOro cekBeHupoBauusa JHK (Clemen et
al., 2019; Buonicontro et al., 2017; Zhang et al., 2022).

UccnenosaTtenu us bpasunuu ucnonb3yroT [THP
B peasbHOM BpeMeHUu (Buonicontro et al., 2017).
B Bpasunuu Aphelenchoides besseyi v A. fujianensis 4acTo
BCTPEYAIOTCS B CMEIIaHHBIX MOMYIALNIX, CBI3aHHBIX
C ceMeHaM¥ KOPMOBBIX TPpaB. MOp(hOJIOTUYECKOE CXO[I-
CTBO MEXY ABYMS BUIaMU paHee MPUBOLUIO K TOMY,
uTo A. fujianensis ommb0YHO OIIPeIEeIIIn Kak A. besseyi.
It 06HAPYKEHUS KaXKI0T0 BUIA 6bLIM pa3paboTaHbl
2 meToga I[P B pexxuMe peajbHOTO BpeMeHU. AMe-
PUKAHCKUE UCCIEe0BATEIN UCIIONb3YIOT LJIs JUaTHO-
CTUKU 3 pasMnYHbIX JioKyca: 18S (SSU); hbparMeHThI
skcrnancum D2-D3 rena 28S pPHK u COI; g4 mocie-
nyorero cekBeHupoBanud (Clemen et al., 2019).

Llenbro HaIlIETO UCCIENOBAHUS SBJIAJIOCH UCIbI-
TaHUVe M OTITMMU3alLus kjaccuueckoii I[P ¢ mocTyt-
HBIMY OT€YECTBEHHBIMU KOMMEpPUYEeCKUMY HabopaMu
o5 3pheKTUBHON UAeHTUDUKAIIMY PUCOBOM JIMCTO-
BOI HeMaTOoZbI A. besseyi, B TOM UuCJie C UCTI0JIb30Ba-
HUeM cllelln(pUIHbBIX TpaliMepPoB. B HacTosIIee BpeMs
Y POCCUMICKUX KOMITAaHUY UMeEeTCS MUPOKUL CIIEKTP
peareHTOB IJis BeifeneHud JHK u aMminuKaium.
B uactrocTu, 000 «CuHTON» (POCCHS) ITpeaiaraeT Ha-
60p [JIsT BBIZEJIEHS HYKJIEMHOBBIX KUCJIOT M3 TKaHe!n
J)KUBOTHBIX «JHK-JKcTpaH-2». Ba3oBble KOMILJIEKTHI
IJI IPOBeJleHUs aMIIM(UKaAIlUY, coepsKalllre Bce
HeoO0X0oAMble KOMIIOHEHTHI, 33 UCKJIIOUEeHUEM BUO-
crenuUUHBIX OJIUTOHYKJIEOTUIOB, TPOU3BOLASAT POC-
cuiickre OO0 «CunTos», 3A0 «EBporen», 000 «Arpo-
Ouaruoctuka», 3A0 «Jlmanat JiTg.» u pgpyrue
komnauuu (https://www.syntol.ru, http://evrogen.ru,
https://agrodiagnostica.ru/, http://dialat.ru/).

3aJlauu UCCJIeIOBAaHMS — OITUMU3UPOBATH TECTHI
Ha oCHOBe KJjlaccuueckoit ITLP co crnenu@uyHbIMU
npaMepaMy U CPaBHUTH 3((PEKTUBHOCTb FOTOBBIX
PEaKIIMOHHBIX CMecel, TpejIaraeMbIX POCCUNUCKUMU
KOMIaHUSIMU.

MATEPUAJIbBI U METO/IbI

[Ipu IPOBEIeHN Y KCCIeI0BaHNM MCII0Ib30BaJIK PHUCO-
BBIX JIUCTOBBIX HEMATOZ, A. besseyi, COGpaHHBIX BO BPEMS
sKcrepuimii Ha JlaabHui BocTok (ITpMMOPCKUM Kpaii,
XaHKalcKkuii palioH) u B KpacHomapckuii kpai Poc-
cutickon ®epepaiiuy. HeMaTombl MAEHTU(UIINPOBAHBI
COTJIACHO METONYECKVM PEKOMEHIAIUSAM I10 BBISIBJIE-
HUI U UIeHTU(PUKAIIUY PUCOBOY HeMaTo bl Aphelen-
choides besseyi Christie (MP BHUVKP N2 89-2016).

Mopdosioruueckoe MccjieioBaHue

nepep Boigesenuem JHK

[Tepen Boigenenuem JJHK nipoBesiv ugeHTUQUKA-
IIW0 MCIT0JIb3YEMBIX JIJISI UCCIENOBAaHS HEMATO/, MOP-
omornueckum MmeTogom. oTorpaduu UCCIEIyEeMbIX
ocobelt HeMaTOJ, IPe/ICTaBJIEHbI HA PUCYHKE 3.

BbIfeIeHHbIX HEMAaTO/ IMEePEeHOCUIN B KaIlJio
BOZIbI HA IIPEeJIMETHOE CTEeKJIO ¥ HaKPhIBAJIK IIOKPOB-
HBIM CTEeKJOM. MUKpoIlperapaT HarpeBajJu Ha Ha-
rpeBaTeIbHOM CTOJIMKE 10 IPeKpalleHus JBUKeHUT
HeMaTo. 3aTeM 0co0el PUCOBOM JIMCTOBOI HEMATOIbI
MIPOCMAaTPUBAJIU 10, MUKPOCKOIIOM, U3MEePSIIN I1a-
THOCTHYECKYEe TAKCOHOMUYECKIe IIPU3HAKY U IIPOBO-
OUIU UAeHTUDUKAIIUIO 10 MOP(OJIOTUUECKUM TIPU-
3HaKaM.

MopdoMeTpruUecKre mapaMeTpbl UCCIENYyEMbIX
HEMAaTo/]l COOTBETCTBOBaJIX BULY Aphelenchoides besseyi.

molecular methods requires new approaches to the
development of diagnostic protocols for detection and
identification. It seems relevant to develop and apply
modern methods in the field of plant protection for the
detection and identification of rice pest — rice leaf ne-
matode Aphelenchoides besseyi.

Diagnosis of Aphelenchoides nematodes uses the
same molecular methods as for most other nematode
species, including PCR-RFLP, PCR with species-speci-
fic primers, real-time PCR, and partial DNA sequencing
methods (Clemen et al., 2019; Buonicontro et al., 2017;
Zhang et al., 2022).

Brazilian researchers use real-time PCR (Buoni-
contro et al., 2017). Aphelenchoides besseyi and A. fujian-
ensis are often detected in mixed forage seed-associ-
ated populations in Brazil. Morphological similarities
between the two species have previously led A. fujian-
ensis to be erroneously identified as A. besseyi. To detect
each species, 2 real-time PCR methods were developed.
American researchers use 3 different loci for diagnosis:
18S (SSU); fragments of the D2-D3 expansion segments
of 28S rRNA gene and COI; for subsequent sequencing
(Clemen et al., 2019).

The aim of our study was to test and optimize clas-
sical PCR with available Russiam commercial kits for
the effective identification of the rice leaf nematode
A. besseyi, including the use of specific primers. Cur-
rently, Russian companies have a wide range of re-
agents for DNA extraction and amplification. In par-
ticular, Syntol (Russia) offers a DNA-Extran-2 kit for
the isolation of nucleic acids from animal tissues. Ba-
sic kits for amplification, containing all the necessary
components, with the exception of species-specific oli-
gonucleotides, are produced by Russian Syntol, Evro-
gen, AgroDiagnostica, Dialat Ltd. and other companies
(https://www.syntol.ru, http://evrogen.ru, https://agro-
diagnostica.ru/, http://dialat.ru/).

The objectives of the study are to optimize tests
based on classical PCR with specific primers and com-
pare the effectiveness of ready-made reaction mixtures
offered by Russian companies.

MATERIALS AND METHODS

When conducting research, we used rice leaf nema-
todes A. besseyi collected during expeditions to the Far
East (Primorsky Krai, Khankaisky District) and Kras-
nodar Krai of the Russian Federation. Nematodes
were identified in accordance with the guidelines
for the detection and identification of the rice leaf
nematode Aphelenchoides besseyi Christie (MR VNIIKR
N2 89-2016).

Morphological study

before DNA extraction

Before DNA isolation, the nematodes used for
the study were identified by the morphological meth-
od. Photos of the studied individuals of nematodes are
shown in Figure 3.

The isolated nematodes were transferred to a drop
of water on a glass slide and covered with a coverslip.
The slide was heated on a hot plate until the movement
of nematodes ceased. Then, individuals of the rice leaf
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Puc. 3. O6pasubl, oTobpaHHble ans Fig. 3. Samples selected
uccnepoBanuii (poto A.B. MBaHoBa)  for study (photo by A.V. Ivanov)

[ TIOATBEPXKIEHUS Pe3yJIbTaTOB MOP(OJIOTrUUECKO-
T'0 aHa/IM3a GbLIY TPUMEHEHBI METO/BI MOJIEKYJISIPHOMN
IUATHOCTUKMU.

MoJieKyJIIPHO-TeHe TUUEeCKOE VICCJIe/IOBaHNEe

U IIPUMEHsAeMble KOMMepUuecKue HaGopbl

nJis Beigeaenvisa JHK

Tl KOPPEKTHOM PaboThl AMArHOCTUYECKO-
ro Habopa He0OXOIMMO IIPOBOAUTDL OIMTUMU3AIIUIO
[T P-TecTa. B maboparopuu reabMuHTOIOTMM VJIL],
OI'BY «BHUUKP» 6b1JI0 TIPOBEJIEHO MCCIIeL0BaHMIE
Ha ocHoBe [IlIP ¢ ucmnoib3oBaHUEM KOMMepue-
CKUX CMEeCeMn.

OCHOBHbIE KOMILJIEKTHI [IJIsI TPOBEeJIeHUS aMILIN-
¢uKalmy, comeprxanire Bce He00X0IMMbIe KOMIIOHEH-
ThI, IIpeJJiaraloT Komnanuu «JIuamnar Jith.» u «EBpo-
TeH»:

- 5x MasPPTaq MIX-2025 3A0 «Iuanat Jitm.» (co-
IEePKUT 2 UHEPTHBIX KpacuTtess (CTabUIbHBIX IPU
XPaHEHUU M HEe WHTUOUPYIOIIUX aMIIU(DUKAIIIO),
OCHOBOM CMecCH BJISIETCS TepMocTabmiIbHag hot-start
nojauMepasa SmarTaq, TT03BOJIAIONIAA aMILIUDUIN-
poBaTh HU3KOKOMUNHbIE JJHK-MaTPUIIbI, CI0XKHBIE
nocyenoBaTenabHocTu JHK, MOXeT NpUMeEHAThCSA
B MyJIbTUILIEKCHOI TTLP);

- 5x Mas®*'Taq MIX-2025 3A0 «/luazart Jitx.» (co-
IEepPXUT UHEPTHBIN KpacuTenb (CTaOUIbHBINA IPU
XPaHEHUU U He MHTUOUPYIIUKA aMITU(GUKAIIUI),
cTabuiIrM3aTop/9HXaHCeD, YCUIUBAKONIUI TePMOCTa-
6uIn3aIuio epMeHTa IIPY MOBLIIIEHHBIX TEMIIEpPA-
Typax, yay4inas CrieluUIHOCTb ¥ YyBCTBUTEIbLHOCTD
TI1IP);

- 5x ScreenMix 3A0 «EBporen» (oKpaieHHas pe-
AKIMOHHAs CMECh MpeJHa3HaueHa AJd9 TPOBeAeHUS
[TI[P-aHain3a 60JIBIIOr0 KOJIMUYECTBa 06pa3IloB C I10-
CJIeIYIOIIVM aHAJIM30M Ha rejib-3JeKTpodopese);

nematode were examined under a mi-
croscope, diagnostic taxonomic cha-
racters were measured and identified
by morphological characteristics.

The morphometric parameters of
the studied nematodes corresponded
to the species Aphelenchoides besseyi. To
confirm the results of morphological
analysis, methods of molecular diag-
nosis were applied.

Molecular genetic testing

and applicable commercial kits

for DNA extraction

For the correct operation of the
diagnostic Kkit, it is necessary to opti-
mize the PCR test. In Helminthology
Laboratory of Testing Laboratory Cen-
ter at FGBU “VNIIKR”, a study was con-
ducted based on PCR using commer-
cial mixtures.

Basic kits for amplification, con-
taining all the necessary components,
are offered by Dialat Ltd. and Evrogen:

- 5x MasPPTaq MIX-2025 Dialat
Ltd. (contains 2 inert dyes (stable
during storage and not inhibiting am-
plification), the basis of the mixture is
the thermostable hot-start polymerase
SmarTaq, which allows amplification
of low-copy DNA templates, complex
DNA sequences, can be used in multiplex PCR);

- 5x Mas®Taq MIX-2025 Dialat Ltd. (contains an
inert dye (stable during storage and does not inhibit
amplification), a stabilizer/enhancer that enhances
the thermal stabilization of the enzyme at elevated
temperatures, improving the specificity and sensiti-
vity of PCR);

- 5x ScreenMix Evrogen (colored reaction mixture
is designed for PCR analysis of a large number of sam-
ples with subsequent analysis on gel electrophoresis);

- 5x ScreenMix-HS Evrogen (colored reaction mix-
ture is designed for highly specific PCR amplification of
a large number of DNA samples);

- 5x ScreenMix-HS (UDG) Evrogen (colored reac-
tion mixture is intended for routine PCR and amplifi-
cation of a large number of DNA samples, the presence
of UDG (uracil-DNA glycosylase) and dUTP in the opti-
mal concentration in the mixture provides protection
against contamination by PCR products containing ura-
cil).

Classical PCR conditions and primer sequenc-
es were taken from published articles (Valcheva et al.,
2017; Rybarczyk-Mydlowska et al., 2012).

Sample preparation

and nematode DNA isolation

DNA isolation using the DNA-Extran-2 commer-
cial kit (Syntol) was carried out according to the ma-
nufacturer’s instructions. The samples were homoge-
nized with a pestle in a 1.5 ml microtube in a 300 ul
lyse solution.
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- 5x ScreenMix-HS 3A0 «EBporen» (OKpalieHHas
peakIMoHHAasg CMeCh IpeHa3HavYeHa [Ji1s IPOBEIEHUS
BeIcOKOCTIeupuuHOoMi [T P-ammiaudukanuy 60ab110-
r'o KoJinuecTBa 06pasnos JHK);

- 5x ScreenMix-HS (UDG) 3A0 «EBporen» (okpa-
IeHHas peakIIMoHHasg CMeCh ITpelHa3HadeHa JIJ1s IIPo-
BemeHus pyTuHHOM [P 1 aMmmimdukanmuy 60IbII0r0
KoJimuecTBa 06pasioB JHK, Haiuyre B COCTaBe CMeCcu
UDG (ypaumi-IHK-riavko3uiassl) 1 dUTP B onTUMaJib-
HOM KOHIIEHTPAIUM 06eCreuynBaeT 3auUTy OT KOHTA-
MuHaIuy [IP-IpoayKTaMu, COIEPKAIIMU YPaIlWI).

YcaoBus MpoBefeHns Kiaaccuueckon TP u 1mo-
CJIeIOBATEJIbHOCTY IIPAMEPOB ObLIIN B3STHI M3 OITY0-
JuKoBaHHBIX cTaTel (Valcheva et al., 2017; Rybarczyk-
Mydiowska et al., 2012).

IMogroTroBka 1po6 u BeizeaeHue JJTHK HeMaTo,

Brigenenue JHK koMMepueckuM HabopoMm
«OHK-9xcTpaH-2» (000 «CHUHTOJI») IPOBOLUIN CO-
TJIaCHO MHCTPYKIIMY ITPOU3BOAUTENS. O6pasIiibl rOMO-
TeHV3VPOBAaJIM IECTUKOM B MUKPOIIPOOUPKe 06bEMOM
1,5 MJ1 B IU3UPYIOIIEM pacTBope 06beMoM 300 MKJIL.

MeTog, kiaccuueckoii ITI[P

WnenTtudukaiyio MetogoM [P mpoBoguu C 1c-
TI0JIb30BAaHWEM MaphI CIIeIN(PUIHBIX ITPAMEPOB, aM-
naudunupyuux gparMeHTs 325 ap HyKJIeOTUA0B
(Rybarczyk-Mydtowska et al., 2012):

1770 (forward) 5-GCGGGATTCGTGGTTC-3’;

1772 (reverse) 5’-CGACATGCCGAAACATGAG-3’.

[Ipu IpoBeIeHNY TOJIUMEPa3HON IEMHON peak-
WY KUCIT0Jb30BaJIi PaboUuyo KOHIIEHTPAIIUI0 TIpai-
MepOB, paBHYI0 10 TUKOMOJIb/MKJI. AMIIU(QUKAIUIO
npoBonwiu B ammuingukarope CFX96 (Bio-Rad, CIIIA).
Pexxum aMmindurKanuy IpuBeeH B TabOIUIlE.

JlJisg IpOBeeHUSI TECTOB MCIIOJb30BaJI T'OTO-
BbI€ peaKIIMOHHbIE cMecy koMnauuit 3A0 «EBporem»
u 3A0 «/Iuamnat JITa.» (OKpalleHHbIe CMECH JIJIS TTOCTa-
HOBKM aMILIM(UKAIUU C TIOCJIeYION UM BHECEHUEM
MIPOJIYKTOB B T'€JIb).

CocTaB paboueil cMecu B XOJie MCCJIEIlOBAHUS
ObIJT ONITUMU3UPOBAH: MCHBIThIBaeMasl PeaKIlMnoH-
Hag cMechb — 5 MkJI, 1770 (forward) — 1 Mk, 1772 (re-
verse) — 1 Mk, H,0 — 16 Mk, o6paser JHK (uccneny-
eMblli o0paselr) — 2 MKJ. Bcero 25 MKJI.

VicpiTaHUS NPOBOAUJIY Ha aMIJAU(pUKATOpPE
CFX96 (Bio-Rad, CIIIA). /ljs TecTUpPOBaHUS GBLIO
WCII0JIb30BaHO 5 ob6pasioB JHK pucoBoii HeMaTo-
Inbel Aphelenchoides besseyi, BbIleJIeHHBIX HabopoM
«ITHK-9KkcTpaH-2» B TpeX IOBTOPHOCTAX.

Ananus pparmenToB JHK mpoBoguiu ¢ momo-
b0 BJieKTpodopesa B 1,5 %-M arapo3HoM TeJe.

PE3VJIBTATBI U OBCYKJIEHHNE

CpaBHEHHeE rOTOBBIX PeaKI[HOHHBIX CMeceil

Pe3ynbTaThl TECTUPOBAHUS PEAKIIMOHHBIX CMecel
IJis Kjaaccruyeckoii [P mpeacTaBiieHbl Ha BJIEKTPO-
¢operpammax (puc. 4-8).

O1eHKa pe3yJabTaTOB anpobaluu peakIluoH-
HbIX cMecelt njs [P mokasaja, 4To JIJis BbISIBIEHUS
U ULeHTU(PUKAIUY PUCOBON JUCTOBON HEMATOMbI
A. besseyi TIOOXOSIT BCe KOMMePUYEeCKUe CMECH, ICTTONb-
30BaHHbBIE B paboTe. CMech 5x ScreenMix 3A0 «EBpPO-
TreH» C 9KOHOMUYECKOM TOUKM 3peHUA 60Jiee BhITOLHA
JLJIS YICTIOJIb30BAHMS B IUATHOCTUKE GOJIBIIIOTO KOJIY-
YyecTBa 00pasioB. JIJs gajabHelnel paboThl BhIOpaHa
3Ta CMECh.

Ta6auia

Pexxum amiiuukanyuu
I rpaiiMepoB 1770/1772
Table

Amplification mode
for primers 1770/1772

KosauuecTBO
IMKJIOB
YeaoBuga® t,Mmud The number
Conditions® T, °C t,min of cycles
[TepBuuHag 94 3:00 1
JeHaTypauusa
Primary denaturation
JlenaTtypanusa 94 0:30 40
Denaturation
OTxur 63 0:30
Annealing
DJIOHTAl WS 72 1:00
Elongation
®uHanbHAd JIOHTALIUA 72 5:00 1

Final elongation

*T, °C — TeMnepatypa B rpagycax Llenbcus;
t, MUH — BpemMsi B MMHYyTax.

*T, °C — temperature in Celsius degrees;
t, min — time in minutes.

Classical PCR method

Identification by PCR was carried out using a pair
of specific primers that amplify fragments of 325 bp
(Rybarczyk-Mydtowska et al., 2012):

1770 (forward) 5'-GCGGGATTCGTGGTTC-3’;

1772 (reverse) 5-CGACATGCCGAAACATGAG-3’.

When carrying out the polymerase chain reac-
tion, a working primer concentration of 10 pmol/ul was
used. Amplification was carried out in a CFX96 ampli-
fier (Bio-Rad, USA). The amplification mode is shown
in the table.

Ready-made reaction mixtures of Evrogen and Di-
alat Ltd. were used for the tests (colored mixtures for
amplification with subsequent introduction of products
into the gel).

The composition of the working mixture during
the study was optimized: test reaction mixture — 5 pl,
1770 (forward) — 1 ul, 1772 (reverse) — 1 ul, H,0 - 16 ul,
DNA sample (test sample) — 2 ul. Total 25 ul.

The tests were carried out on a CFX96 amplifier
(Bio-Rad, USA). For testing, 5 DNA samples of the rice
leaf nematode Aphelenchoides besseyi were used, isolated
with the DNA-Extran-2 kit in triplicate.

DNA fragments were analyzed by electrophoresis
in 1.5% agarose gel.

RESULTS AND DISCUSSION

Comparison of finished

reaction mixtures

The results of testing reaction mixtures for classi-
cal PCR are presented on electrophoregrams (Fig. 4-8).
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Puc. 4. 3nekTpodoperpamma

c npanmepamun 1770/1772

1 peakLMOoHHON cMecbio 5x MasPPTaq
MIX-2025 3A0 «Ouanart Jita.» (Poccua)
Foe: c 1-ro no 5-11 o6pasew, — Aphelenchoides
besseyi (B Tpex NOBTOPHOCTAX, 06pasLbl

1-3 ns3 NMpumopckoro kpas, 4-5 — us
KpacHopapckoro kpas), K- — oTpuuatenbHbiit
KOHTpPOJIbHbIN 06paseL, M — mapkep
MonekynsipHoro Beca 100-1500 n. o.

Fig. 4. Electropherogram with primers
1770/1772 and reaction mixture 5x
MasPTaq MIX-2025 Dialat Ltd. (Russia)
Where: from the 1° to the 5" sample —
Aphelenchoides besseyi (in triplicate, samples
1-3 from Primorsky Krai, 4-5 from Krasnodar
Krai), K- — negative control sample,

M — molecular weight marker 100-1500 bp.

Puc. 5. 3nektpochoperpamma

¢ npanmepamn 1770/1772

N peakLMOHHOI cMecbio 5x Mas®RTaq
MIX-2025 3A0 «Ouanart JIta.» (Poccus)
Foe: ¢ 11-ro no 15-1 o6paseu, — Aphelenchoides
besseyi (B Tpex NOBTOPHOCTAX, 06pasLbl

11-13 un3 NMpumopckoro kpas, 14-15 — u3
KpacHopapckoro kpasi), K- — oTpuuatenbHbiit
KOHTPOJNbHbIN 06pasew, M — mapkep
MonekynsipHoro Beca 100-1500 n. o.

Fig. 5. Electropherogram with primers
1770/1772 and reaction mixture 5x
Mas®RfTaq MIX-2025 Dialat Ltd. (Russia)
Where: from the 11t to the 15" sample —
Aphelenchoides besseyi (in triplicate, samples
11-13 from Primorsky Krai, 14-15 from
Krasnodar Krai), K- — negative control sample,
M — molecular weight marker 100-1500 bp.

Puc. 6. AnekTpodoperpamma

¢ npanmepamun 1770/1772

1 peakuMOHHON cMecbto 5x ScreenMix
3A0 «EBporeH» (Poccus)

Foe: c 21-ro no 25-1 o6paseu, — Aphelenchoides
besseyi (B Tpex NOBTOpPHOCTSAX, 06pasLbl

21-23 un3 NMpumopckoro kpas, 24-25 - us
KpacHopapckoro kpas), K- — oTpuuatenbHbiit
KOHTPOJIbHbIV 06pasew, M — mapkep
MonekynsipHoro Beca 100-1500 n. o.

Fig. 6. Electropherogram with primers
1770/1772 and reaction mixture 5x
ScreenMix Evrogen (Russia)

Where: from the 21 to the 25t sample —
Aphelenchoides besseyi (in triplicate, samples
21-23 from Primorsky Krai, 24-25 from
Krasnodar Krai), K- — negative control sample,
M — molecular weight marker 100-1500 bp.

Puc. 7. 3nekTpochoperpamma c npaiimepamu 1770/1772

1 peakLMOHHOW cMecbto 5x ScreenMix-HS

3A0 «EBporeH» (Poccus)

Foe: ¢ 31-ro no 35-i obpasew, — Aphelenchoides besseyi

(B TPex noBTOPHOCTAX, 06pa3ubl 31-33 n3 NMpumopckoro kpas,

34-35 — u3 KpacHogapckoro kpasi), K- — oTpuuaTenbHblii KOHTPONbHbIV
obpaseu, M — Mapkep MonekynspHoro Beca 100-1500 n. o.

Fig. 7. Electropherogram with primers 1770/1772

and reaction mixture 5x ScreenMix-HS Evrogen (Russia)
Where: from the 31 to the 35 sample — Aphelenchoides besseyi
(in triplicate, samples 31-33 from Primorsky Krai,

34-35 from Krasnodar Krai), K- — negative control sample,

M — molecular weight marker 100-1500 bp.

K M 4 42 43

Puc. 8. AnekTpochoperpamma ¢ npanmepammu 1770/1772

1 peaKkuMoHHoI cMecbto 5x ScreenMix-HS (UDG)

3AO0 «EBporeH» (Poccus)

Fpe: c 41-ro no 45-i obpasew, — Aphelenchoides besseyi (B Tpex
NOBTOPHOCTAX, 06pa3ubl 41-43 n3 NMpuMopcKoro kpas,

44-45 - u3 KpacHopapckoro kpas), K- — oTpuuaTenibHblil KOHTPOJIbHbIN
obpaszeu, M — Mapkep MonekynapHoro Beca 100-1500 n. o.

Fig. 8. Electropherogram with primers 1770/1772

and reaction mixture 5x ScreenMix-HS (UDG) Evrogen (Russia)
Where: from the 41 to the 45" sample — Aphelenchoides besseyi

(in triplicate, samples 41-43 from Primorsky Krai,

44-45 from Krasnodar Krai), K- — negative control sample,

M - molecular weight marker 100-1500 bp.
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Puc. 9. 3nekTpochoperpamma knaccuueckori MLP
¢ npanmepamu 1770/1772
Fpe: c 1-ro no 3-1 o6paseu, — Aphelenchoides besseyi, c 4-ro no 6-u

obpaseu, — Aphelenchoides fragariae, c 7-ro no 9-i obpaseu, — Ditylenchus

destructor, M — Mapkep MonekynsipHoro Beca 100-1500 n. o.

Fig. 9. Electropherogram of classical PCR

with primers 1770/1772

Where: from the 1% to the 3" sample — Aphelenchoides besseyi,
from the 4thto the 6" sample — Aphelenchoides fragariae,

from the 7t to the 9" sample — Ditylenchus destructor,

M — molecular weight marker 100- 1500 bp.

Ins monTBepXKAeHUsS crienu(pUIHOCTH Tpa-
MepoB 1770/1772 ObLIN KCITIOJIb30BAaHBI HEIIEJIEBbIE
OpraHu3Mbl: GJIU3KUN BUJ 3eMJITHUYHAS HEMAaTOZa
Aphelenchoides fragariae u cTebieBass HeMaTola KAPTO-
(ensg Ditylenchus destructor (puc. 9). AlTpo6HMpPOBaHHBIM
meTtof [TLIP co crieniuuUHBIMU TIpaiiMepaMu MMoX0-
IUT IJIT JUAaTHOCTUKY U AuddepeHIuauy BUL0B.
[Tpu aHanuM3e 3J1eKTPOoGOPerpaMMbl YCTAHOBIIEHO, UTO
crnenuduyHble nipaiiMepst 1770/1772 TpUTOIHBI AJS
KCIIOIb30BAaHUS ITPYU UAEHTUDUKALIMY PUCOBOM HEMA-
TOoxbI A. besseyi.

3AKJ/IIOYEHUE

Vi3yyeH u anpoOUpPOBaH METOM, MOJIEKYJIIPHO-TeHe-
THUYEeCKOU UIeHTU(GUKALUYU PUCOBOM JINCTOBOU He-
MaTonbl Aphelenchoides besseyi, UCTIOJIb3yEMBIH B 3apy-
OeXXHBIX HCcliefoBaHUIX. ATpo6upoBaH Mertop ITLIP
co cnenupuUHBIMU npanMepamu 1770/1772 nns
unenTuduranuu A. besseyi. laHHas TeCT-CUCTEMA
TOAXOIUT IJi UAeHTU(PUKAIINY HEMATO/, TTOJIyUYeH-
HBIX 13 Pa3HbIX PErMOHOB Poccuiickoit demepalinu.
TecTupoBaHue mapel mpaiimMepoB 1770/1772 c Hellene-
BBIMU BU/IAaMU HEMATO/ TTI0KA3aJI0 UX CIIeIU(PUIHOCTD
K 11eJieBoMy 06BbeKTy A. besseyi. TIpaliMepbl MOTYT UC-
TI0JIb30BAThCS IJII IUAaTHOCTUKY PUCOBOY JINCTOBOU
HemaTombl A. besseyi. TIpoBesieHO uccaemoBanue TP
C UCII0Jb30BaHUEM KOMMepUeCKUX cMecel AJIsI aM-
nnudpukanuy 5x MasPPTaq MIX-2025 u 5x Mas®*Taq
MIX-2025 3A0 «Inajat JITh.», a Takxke 5X ScreenMix,
5x ScreenMix-HS u 5x ScreenMix-HS (UDG) 3AO0 «EB-
poreH». Bce roTOBBIE PEAKIIMOHHBIE CMECU MOTYT UC-
TI0JIb30BaThCS JJis mpoBeeHus [P, Ho 5X ScreenMix
3AO «EBporeH» c 3KOHOMUYECKOM TOUKY 3peHus 60Jiee
BBITOJIHA JIJIST UCTIOJIb30BAHMS B JUATHOCTHUKE O0JIBIIIO-
T'0 KOJIMYeCcTBa 06pasIioB.

CIIMCOK JINTEPATYPBI

1. Bytopuna H., 3unoBbeBa C., Kyniuuuu O. u gp.
[MpuknagHasg HemaTosorud. — M.: Hayka, 2006, 350 c.

2. BpenHble OpraHu3Mbl, UMeIIVe KADAaHTUHHOE
3HaueHue nj4 EBpornsl. — M.: Kosoc, 1996, c. 316-319.

3. Hexkep X. HemMaTonbl pacTeHul u 60pbba
c HuMu. — M.: Kosoc, 1972, 444 c.

Evaluation of the approbation results of reaction
mixtures for PCR showed that all commercial mixtures
used in the work are suitable for detection and iden-
tification of the rice leaf nematode A. besseyi. From an
economic point of view, the mixture 5x ScreenMix of
Evrogen is more profitable for use in the diagnosis of
a large number of samples. This mixture was chosen
for further work.

To confirm the specificity of primers 1770/1772,
non-target organisms were used: a closely related
species, strawberry nematode Aphelenchoides fragari-
ae and potato stem nematode Ditylenchus destructor
(Fig. 9). The proven PCR method with specific prim-
ers is suitable for diagnosis and species differentia-
tion. When analyzing the electrophoregram, it was
found that specific primers 1770/1772 are suitable
for use in the identification of the rice leaf nematode
A. besseyi.

CONCLUSION

The method of molecular genetic identification of the
rice leaf nematode Aphelenchoides besseyi, used in inter-
national research papers, has been studied and tested.
The PCR method with specific primers 1770/1772 was
tested for the identification of A. besseyi. This test sys-
tem is suitable for identifying nematodes obtained
from different regions of the Russian Federation. Test-
ing of primer pair 1770/1772 with non-target nema-
tode species showed their specificity for the target
A. besseyi. The primers can be used to diagnose the
rice leaf nematode A. besseyi. PCR study performed us-
ing commercial amplification mixtures 5x MasP’Taq
MIX-2025 and 5x Mas®Taq MIX-2025 Dialat Ltd., as
well as 5x ScreenMix, 5x ScreenMix-HS and 5x Screen-
Mix-HS (UDG) Evrogen. All ready-made reaction mix-
tures can be used for PCR, but 5x ScreenMix by Evrogen
is more economical from an economic point of view for
use in the diagnosis of a large number of samples.
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AHHOTALIUA
3uMHAg ngmenuna Operophtera brumata (Linnaeus,
1758) — omacHbBIN BPeOUTEJNb JIECHBIX HACAKIAECHUH
U TJIOZIOBBIX JIEPEBBEB, PACIIPOCTPAHEHHBI B CEBEPO-
3amnagHou yacTu Poccuiickoit demepaiiuu, B MoJiga-
Buu, Cubupu, Cpenuent Asuu, Ha KaBkase. [[Jist 60pbOBI
C TISIIEHUIIEN UCITONb3YIOT XUMUYECKIEe, MEXaHUYe-
CKue 1 OMOJIOTUYeCcKre MeTOIbI 60pb0bI, BAXKHOM CO-
CTABJISIOINIEH KOTOPBIX SBJISIETCSI CBOEBPEMEHHOE
BBISIBJIEHWE Y MOHUTOPUHT YUCJIEHHOCTU LAaHHOTO
BpenuTess. HesaMeHUMbIM MHCTPYMEHTOM JJISI 3TOTO
cayxaT hepOMOHHBIE JIOBYIIKY, B KOTOPBIX MCITOJIb-
3YI0TCS LUCIIEHCEPHI C TI0JIOBBIM (DePOMOHOM 3UMHEN
nageuuisl — (Z, Z, 72)-1,3,6,9-HoHaieKaTeTpaeHoM,
CUHTE3MPOBAHHBIM B OTZeJe CuHTe3a (PepOMOHOB
®T'BY «BHUUKP» 110 padpaboTaHHO! MeTofuKe. Jleii-
CTBYIOIIEE BEIeCcTBO, (hepoMOH, HAHOCUIIY Ha JUCIIEH-
Cepbl B CMECH CO cTabuausaTopaMy — BUTaMUHOM E
1 KOHOJIOM.

B manHO# pa6oTe MpeicTaBIeHbI PE3YJIbTAThI I10-
JIEBBIX UCTIBITAHUN PA3JIMYHBIX BAPUAHTOB KJIEEBBIX
(hepOMOHHBIX JIOBYIIIEK C CUHTETUUYECKUM (DEPOMOHOM
B [IByX Pa3HbIX f03upoBKax — 0,5 mr (cmech I) u 2,0 MT
(cvmech IT) — Ha 1 gucnencep. [TokasaHo, YTO cMecCh II
ob1a 3(pPpeKTrBHEEe cMecH | JTUIIb B KOJIMUECTBEHHOM
OTHOIIEHMWHY, HO He I10 IPOIOJKUTEIbHOCTY aTTPaK-
TUBHOTO JAENCTBYS, KOTOpPas OKa3aJlaCh OAUHAKOBOMN
st 06oux BapuaHTOB. TakuM 06pasoM, IIPU UCITOJIb-
30BaHUY (DEPOMOHHBIX JIOBYIIEK 4-KPAaTHOE yBeJIUYe-
HY€e JO3UPOBKY CUHTETUYECKOT0 (hePOMOHA HE MOXKET
CUMTAThCS 0653aTEIbHBIM. YCTaHOBJIEHO, YTO POMGO-
BUJIHAs JIOByIIKa obecrieunBaeT 6ojyee 3hHEKTUB-
HBIU OTJIOB BPEUTENS 3a CUET GOJIbIEl 3aKPBITOCTH
KOHCTPYKIIMY 110 CPaBHEHUIO C JIOBYIIKON «KBaspo»,
a Tak)Xe C IeJIbTOBUIHOM JIOBYIIKOY B PA3JIUYHBIX €€
MomuUKaIUIX. JJokazaHO MPEerMYyIeCTBO DHTOMOJIO-
TMYECKOT0 KJIes ITPY UCIIOJIb30BaHUY B KAUECTBE pac-
TBOPUTEJISI MUHEPaJIbHbBIX Maces (Kiei «IToruguKe»)
10 CPABHEHMIO C KJIEEM Ha BOLHO-MUHEPAJIBHOM OCHO-
Be (KJ1el «YHUDIIEKC»).
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ABSTRACT
Common winter moth Operophtera brumata (Linnaeus,
1758) is a dangerous pest of forest plantations and fruit
trees, common in the northwestern part of the Russian
Federation, in Moldova, Siberia, Central Asia, and the
Caucasus. To control the moth, chemical, mechanical
and biological methods are used, an important com-
ponent of which is the timely identification and moni-
toring of the number of this pest. An indispensable tool
for this is pheromone traps, which use dispensers with
the sex moth pheromone (Z, Z, Z)-1,3,6,9-nonadeca-
tetraene, synthesized in the pheromone synthesis de-
partment of FGBU “VNIIKR” according to the developed
method. The active substance, pheromone, was applied
to dispensers in a mixture with stabilizers — vitamin E
and ionol.

This paper presents the results of field tests of va-
rious variants of glue pheromone traps with synthe-
tic pheromone in two different dosages — 0.5 mg (mix-
ture I) and 2.0 mg (mixture II) — per 1 dispenser. It was
shown that mixture Il was more effective than mixture I
only in quantitative terms, but not in terms of the dura-
tion of the attractive action, which turned out to be the
same for both options. Thus, when using pheromone
traps, a 4-fold increase in the dosage of synthetic phe-
romone cannot be considered mandatory. It has been
established that the rhomboid trap provides more ef-
fective pest trapping due to the greater closed structure
in comparison with the Quadro trap, as well as with the
deltoid trap in its various modifications. The advantage
of entomological glue when used as a solvent for mine-
ral oils (Polyfix glue) in comparison with water-mineral
based glue (Uniflex glue) has been proved.
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PaszpaboTraHHbIN (hepPOMOHHBIN ITPenapaTr MOXKeT
OBITH UCIIOJIb30BAH IIPU BISIBIEHUY BPEIUTEIS U MO-
HUTOPUHTE YNCJIEHHOCTY 3UMHEN MTSAI€HUTTbI.

Knrwuesvle cnosa. PepoMOHHEIE JIOBYILIKY, Bpe-
JIVTEeJIN Jieca, O4ary, BeIsIBJIeHE, MOHUTOPUHT.

BBEJIEHUE

UMHSAS Tanenunia Operophtera brumata

(Linnaeus, 1758) — IMPOKO U3BECTHBIN

B CTpaHax EBpoImbl u A3uu BpenuTellb

JIECHBIX, JIECOEKOPATUBHbBIX U ILJIOMI0-

BBIX JIEPEBBEB U KYCTaPHUKOB (puc. 1).

CIIMCOK KOPMOBBIX pacTeHUU

3UMHEeN NSIIeHUIIbl BechMa OOIIUPEH:

K YKCJIy OCHOBHBIX ITOBPEXIAEMBIX T10-

POJl OTHOCSATCS pasjinuHbIe TJIOOBBIE, a TAKXKe Iy0,

Oyk, rpab, 6epesa, Jumna, KjieH, UJIbMOBbIE, JIEIIUHA,

yepeMmyxa u MHorue npyrue (AdboHuH u np., 2008;
http://ecosystema.ru; https://givoyles.ru).

B pesysiibTaTe paHHEBECEHHETO MUTAHUSI TyCe-
HUII BDEJIUTEJIS B TIEPBYI0 0UEPEb CTPALAI0T TTOYKU
U MOJIOJible TTOGEru, YTO OTPUIATEIbHO CKa3bIBAET-
cs Ha ypoJkae IIJIOZOB M CEMSH, a ITPY MHOTOJIETHEM
MaCcCOBOM MOPa’KEHUM BO3MOJKHA IT0JIHAsI I1beb Ha-
caxxmenusa (Boakos u Ap., 1955; http://ecosystema.ru;
http://wiki.rcfh.ru).

B JecHBIX MaccuBax ovaru 3MMHEN MIIIeHUIbI
yalre Bcero 6bIBAaiOT ITPUYPOUYEHBI K 3JITaKOBBIM U 0CO-
KOBBIM Jly6paBaM U IMTOVUMEHHBIM JiecaM CpeHero Bo3-
pacTa, pexe CIeJbIM, B 0COOEHHOCTY NPU HAJIUYUU
B HUX 3apOCJIEd AUKOPACTYIIUX IIJIOJOBBIX JEPEBBEB.
B aHTPOIIOTEeHHBIX YCIOBUSIX OHU BCTPEYAIOTCS B Iap-
Kax, 3allyIeHHbIX TJIOLOBBIX cazax. YacTo o6pasyoT
KOMILJIEKCHBbIE 0Uaru ¢ JPYyTMMU BUILAMU BPeAUTE-
JIeli — ¢ IUCTOBEPTKaMU, COBKAMU 1 BOJHSIHKaAMMU.

CyuTaeTcs, YTO MaCCOBOMY Pa3zMHOXEHUIO TIs-
JIEeHUIIbI CTIOCOGCTBYIOT TO/IbI C YMEPEHHO BJIAYKHOM
¥ TIPOLOJKUTEIbHON 0CEeHbI0, 63 IJIUTEbHBIX MO-
PO3HBIX MEPUOAOB U C HEXKAPKUM BJIAXKHBIM JIETOM,
OIHAKO B I1€JIOM IPUYUHbBI ¥ IUHAMWKA BCIIbIIIEK U3Y-
YeHbI JOCTATOYHO CJIab0 ¥ IIPOTrHO3MPOBATh UX BeCbMa
caoxHo (http://wiki.rcfh.ru; https://givoyles.ru).

TpyaHOCTU OGHAPYXEHUS NAaHHOTO BPeqUTeNs
MIpU IIPOBEIEHUN JIECOIATOJIOTUUYECKOTO 00CienoBa-
HUS CBSI3aHBI IPEUMYIIECTBEHHO C OTCYTCTBUEM YeT-
KUX W IOCTYIHbBIX IPU3HAKOB (CUMITTOMOB). O6Cemno-
BaHUE 06BIUHO 6a3UPyeTCs HA BHISIBJIEHUU B Havaje
WIOHS TYCEHUI] B KPOHAX JIePEBBEB, OLHAKO CKPYYEH-
HbI€e TayTUHOM JINCThS He ABJISIOTCS BUAOCIIEN(pUY-
HBIM IIPU3HAKOM, a 00JIaaolnye IPKO BhIPaKeHHOM
TTOKPOBUTEJIBCTBEHHOM OKPACKOM T'YCEHUIIbI OUEHbD
YacTo ocTarTcs HesaMeueHHbIMU (Kopuarus, 1971).
JeranbHOe 00CJiejoBaHME TIPOBOMAT MO KYKOJIKAM
B KOHII€ aBTyCTa — HavyaJie CEHTSI0PS, HO BBIIBUTD UX
B MIOJICTUJIKE U MTOYBE 3aTPYAHUTENBHO I10 IPUUYUHE
HeBOJIBIIOr0 pazMepa KOKOHOB, MaCKUPYEeMBbIX 10T KO-
mouku rpyHTa (https:/givoyles.ru). Bosiee mpogyKTuB-
HBIM CUMTAETCS NMPUMEHEeHVEe NHCEeKTUIIUAHbBIX WU
KJIEEBBIX IT0SICOB, II03BOJISIOUIMX KOHTPOJIHUPOBATh IOI-
HUMAaIOIIMXCS OCEHBIO IT0 CTBOJIAM B KPOHY 6€CKPBLIBIX

The developed pheromone preparation can be
used to identify the pest and monitor the abundance of
the common winter moth.

Key words. Pheromone traps, forest pests,
outbreaks, detection, monitoring.

INTRODUCTION

perophtera brumata (Linnaeus, 1758) — wide-
ly known pest in Europe and Asia of fo-
rest, ornamental and fruit trees and shrubs
(Fig. 1).

The list of host plants of the common
winter moth is very extensive: the main damaged spe-
cies include various fruit trees, as well as oak, beech,
hornbeam, birch, linden, maple, elm, hazel, bird cherry
and many others (Afonin et al., 2008; http://ecosystema.
ru; https://givoyles.ru).

As a result of the early spring nutrition of the pest
caterpillars, the buds and young shoots are primarily
affected, which negatively affects the yield of fruits and
seeds, and with many years of mass damage, the com-
plete death of the plantation is possible (Volkov et al.,
1955; http://ecosystema.ru; http://wiki.rcfh.ru).

In forest areas, common winter moth outbreaks
are most often associated with cereal and sedge oak
forests and middle-aged floodplain forests, less often
mature ones, especially if they contain thickets of wild
fruit trees. Under anthropogenic conditions, they are
detected in parks, neglected orchards. Often, they form
complex outbreaks with other pest species — with leaf-
worms, noctuids and tussock moths.

Puc. 1. Umaro camua
3UMHEN NageHuLbl

Fig. 1. Imago of a male
common winter moth (photo
(thoTo c cavita Poccuiickoro  from the website of the

Russian Center for Forest
Protection: https://wiki.rcfh.ru)

LeHTpa 3aWuThbl neca:
https://wiki.rcfh.ru)

dutocaHuTapus. KapaHTuH pactenuii = 58
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CaMOK, OJTHAKO STOT BapMaHT TaK)Ke HEeJIb3s CUUTAaTh
IOCTATOYHO TOYHBIM B CBSI3M C BBICOKOM aKTUBHOCTbHIO
PasIMYHBIX )KUBOTHBIX-9HTOMOGaros (http://wiki.rcfh.
ru; https://givoyles.ru). Takum 06pa3oM, B CJIOKUBIIEN-
CSl CUTYalluM JOOIOJIHUTEJIbHBIM, MEHEE TPYA0EMKUM
U UMEIONUM OGOJIbIINYI 0XBAaT TEPPUTOPUU CIIOCOOOM
MOHUTOPUHTA YNCIEHHOCTH IOIYJAUY 3UMHEN I15-
JIEHUIIBI MOTJIO 6Bl CTATh IIPpUMeHeHre (PepPOMOHHBIX
sosymek (http://wiki.rcth.ru).

[Tos10BO¥ (hePOMOH 3MMHEH IIAI€HUIIBI ObLI UIeH-
tuduIMpoBaH Kaxk (Z, Z, Z)-1,3,6,9-HoHaieKaTeTpaeH
(Roelofs et al., 1982; Bestmann et al., 1982) (puc. 2).

OmBITHI 110 pa3paboTKe IperapaTUBHON (OPMBI
CUHTETUYECKOTO IT0JIOBOTO (hepoMOHAa 3UMHEN TIs-
IeHuIbl ObLIY ITPOBeHeHbI Ha 6a3e OPTBY «BHUUKP»
B 2019-2020 rr. 3amadell mepBOTO 3Tama PabOThI
(2019 r.) 6B1JIa OIleHKA ATTPAKTUBHOCTY Pa3JIUUHBIX
IO3WPOBOK ITOJIOBOTO (DepoMOHAa 3UMHEN ISIIeHU-
IIBI B UCIIeHCepax. B 3aaduy BToporo arama paboTsl
(2020 r.) BXOOMJIM CPAaBHUTEJIbHbIE UCTIBITAHUA 3 -
(beKTUBHOCTU PA3JIMUHBIX BAPUAHTOB (PepPOMOHHOM
KJIEEeBOU JIOBYIIKU B 3aBUCUMOCTH OT KOHCTPYKIIUU
JIOBYIIKY U TUTIA TIPUMEHSIEMOT0 B Hell SHTOMOJIOT Y-
YeCKOTOo KJies.

MATEPUAJIBI U METO/1bI

Il BBITIOJITHEHUS II0JEBBIX OIIBITOB MCIIOJNIH30-
BaJics IIOJIOBOM (pepoOMOH 3MMHEN NANEeHUIIbl —
(Z, Z, 7)-1,3,6,9-HO0HaZeKaTeTpaeH, CUHTE3UPOBAHBIHI
B oTHeJie cuHTe3za ¢epoMoHoB PI'BY «BHUUKP»
10 OPUTHHAJbHOU MeTOoAMKe. [IefiCTBYIOIIEe BENMECTBO
HAHOCWJIX Ha AVCII€HCEePhI B CMECH CO CTabMIM3aTopa-
MU — BUTAaMUHOM E 11 MOHOJIOM.

B KauecTBe IMCIIEHCEPOB Ha IIPOTSKEHUN BCETO
9KCIIepUMeHTa ObLIM MCIT0JIb30BAHBI CUHUE MeIU-
IIUHCKME TTPOOKY BBICOTON 9 MM U JUaMeTpPoM 12 MM
13 6poMOyTUIIBHOTO KayuyKa mpousBojcTea KHP (co-
Iep)xaHue Matepuaja: Boga — 0,8%, 30JIbHBIN OCTa-
TOK — 47%, amMouui — 0,0002%, 1uuk — 0,0003%)
C HaHECEeHHBIM Ha HUX CUHTETUYECKUM (epOMOHOM
B konmuyecTBe 0,5 Mr (BapuauT I) u 2,0 M (BapuaHT II)
COOTBETCTBEHHO Ha 1 auciieHcep (puc. 3).

Ha mepBoM sTame paboThl B 000MX BaprUaHTax
OIThITA OBLIM UCIIOJIb30BAaHbI KJIE€Bble JTOBYIIKY TUIIA
«PoM6» (poMGOBUIHBIE JIOBYIIKHM). Ha BTOPOM 3Tare
paboThl OBIIM MPUMEHEHBI JIOBYMKY TUIa «PoM6»,
Ttuna «Kagpo» u tTuna «Jlenpra» (puc. 4—6), mapas-
JIEJIbHO B IeJIbTOBU/IHBIX JIOBYIIKAX ObLJIN IIPOBEPEHDI
KJIed Pa3HbIX COCTABOB OT HECKOJbKUX ITPOU3BOIM-
TeJlel.

JloByuika Tumna «JleibTa», WU AeJbTOBULHAS
JioBymIka (puc. 4), — yHuBepcajgbHasa U Haubojee ya-
CTO TIpUMeHseMas KOHCTPYKIMS IJis OTJiOBA 4Ye-
IIYEKPBIJIBIX C ITOMOIILbI0 TTOJOBBIX hepoMoHOB (TY
72.11.13-033-04731278-2015). Kopryc U3TOTOBJIEH
13 TIJIOTHOTO JJAMUHUPOBAHHOTO KapTOHA, KOTOPbIHN
CKJIaZbIBAETCSI B TPEYTOJbHO-TIPU3MATUUECKYIO0 JIO-
BYIIIKY, OCHOBaHUE KOTOpPO# cocTasiseT 12,9 cm, 60-
KOBbIe CTOPOHEBI — 12,4 cM, gauHa — 18,6 cM. Ha n1HO
IIoMellaeTCcd JIUCT KapTOHa pa3MepoM 18 x 12 cm
C HaHECeHHBIM SHTOMOJIOTUYECKUM KJjeeM (KjeeBou
BKJIaZbII). OGIIas MIoIlab KJIeeBOM MOBEPXHOCTH —
216 cM?. B oTibITaX BTOPOTO 3TAlla Ha BKJIAAIIIN HAHO-
cuiu 2 BapuaHTa Kies — «[Tonuduke» (TY 2387-002-
55841212-2002, «XuMT3K», I. Yha) u «Yuudiexc» (TY
5262-001-68159309-2013, Pecny6iuka Beiapycs).
BBLJI MCITBITAH TAK)Ke YCOBEPIIEHCTBOBAHHBIN BAPUAHT

It is believed that the mass reproduction of the
moth is facilitated by years with a moderately wet and
long autumn, without long frosty periods and with a
cool, humid summer, however, in general, the caus-
es and dynamics of outbreaks are poorly studied and
it is very difficult to predict them (http:/wiki.rcfh.ru;
https://givoyles.ru).

Difficulties in detecting this pest during a forest
pathological examination are mainly associated with
the absence of clear and accessible signs (symptoms).
The survey is usually based on the detection of cater-
pillars in the crowns of trees in early June, however,
leaves twisted with cobwebs are not a species-specific
feature, and caterpillars with a pronounced protective
coloration very often go unnoticed (Korchagin, 1971).
A detailed examination is carried out on pupae in late
August — early September, but it is difficult to identify
them in the litter and soil due to the small size of co-
coons disguised as lumps of soil (https://givoyles.ru).
It is considered more productive to use insecticidal
or glue belts, which make it possible to control wing-
less females ascending the trunks in the fall into the
crown, however, this option also cannot be considered
sufficiently accurate due to the high activity of various
entomophagous animals (http://wiki.rcfh.ru; https://
givoyles.ru). Thus, in the current situation, the use of
pheromone traps could be an additional, less labor-
intensive and more area-covering method for monitor-
ing the abundance of the common winter moth popula-
tion (http://wiki.rcfh.ru).

The sex pheromone of the common winter moth
was identified as (Z, Z, Z)-1,3,6,9-nonadecatetraene (Ro-
elofs et al., 1982; Bestmann et al., 1982) (Fig. 2).

Experiments on the development of a prepara-
tive form of a synthetic sex pheromone of the com-
mon winter moth were carried out on the basis of

a_/\_/\;/cs"'m

Puc. 2. Xumnueckas ctpyktypa  Fig. 2. Chemical structure
z,2z,2)-,3,6,9- of (Z, 2, 2)-1,3,6,9-
HOHajeKkaTeTpaeHa nonadecatetraene

Puc. 3. BHewHui Bupg, Fig. 3. Dispensers with
OMCNeHCepoB € CMHTeTUYecknm  synthetic sex pheromone
nosioBbIM (hePOMOHOM 3UMHEN of the common winter moth
nsageHuubl (hoTo aBTOPOB) (photo by the authors)
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Puc. 4. BHewHul Bup, genstroBupHoi  Fig. 4. Deltoid glue trap (photo by the

KneeBol noByLWwKK (hoTo aBTOPOB) authors)

Puc. 5. BHewHwui Bug pomboBupHoi  Fig. 5. Diamond-shaped glue trap

KneeBol noByLWKK (hoTo aBTOPOB) (photo by the authors)
IeNbTOBUAHOU JoBymkuy («Jempra-H», TY 72.11.13-
128-04731278-2020), KOTOPBIN MpeAyCcMaTpUBaeT
OTCYTCTBUE BKJIQJIbIIIe}N 1 HaHeCceHUe SHTOMOJIOTU-
YeCKOro KJies 110 BCel IJIONIaIN BHYTPEHHEN TT0BepPX-
HOCTU JIOBYIIKY (648 cM?).

JloBymiky Tura «PomM6» u Tua «KBagpo» IBISIOT-
¢t MOIU(UKALUSIMU JeJIbTOBUIHOM JIOBYIIKU.

JloBymka tuma «Pom6» (puc. 5) (TY 72.11.13-
080-04731278-2018) 1m0 BHENIHEMY BUAY IIpe-
cTaBisieT cob60l ABe CasHHBbIE Y3KUMU KOHIIAMU
MJIACTUHBI U3 JIJAMUHUPOBAHHOTO C JIBYyX CTOPOH
KapToHa padMepoM 20 x 16 ¢M, KOTOPble pa3Bopavyu-
BarTCcs B QUTYPY, HATIOMUHAIOIILYI0 06beMHBIN POMO
C IBYM{ BEPXHUMU IrpaHgamMu pa3dMepoM 10 Ha 16 cM
¥ OBYMSI HUKHUMU IPaHAMU pasMepoM 9 Ha 16 cM.
C BHYTpeHHEU CTOPOHBI JIOBYIIKY HAaHECEH BHTOMO-
JIOTUYECKUY KJel njs puKcaluu MpUuBIeUYeHHBIX
¢depoMoOHOM HaceKoMbIX. ObIIas maoiaab KieeBok
moBepxHOCTH — 420 cM?. B BepxHeM pebpe KOHCTPYK-
VY MMewTcda 2 oTBepcTuda guamerpoMm 0,5 cM s
MO BENIMBAHUS JIOBYIIKM C TTOMOIILbIO BXOISAIIEH
B KOMILJIEKT ITPOBOJIOKU.

FGBU “VNIIKR” in 2019-2020. The
task of the first stage of work (2019)
was to evaluate the attractiveness of
various dosages of the common winter
moth sex pheromone in dispensers.
The task of the second stage of work
(2020) included comparative tests of
the effectiveness of various versions
of the pheromone glue trap, depend-
ing on the design of the trap and the
type of entomological glue used in it.

MATERIALS AND METHODS

To perform field experiments, we used
the sex pheromone of common win-
ter moth — (Z, Z, Z)-1,3,6,9-nonadeca-
tetraene, synthesized in the phero-
mone synthesis department of FGBU
“VNIIKR” according to the original
method. The active substance was ap-
plied to dispensers in a mixture with
stabilizers — vitamin E and ionol.

As dispensers throughout the ex-
periment, blue medical plugs 9 mm
high and 12 mm in diameter made of
bromobutyl rubber manufactured in
China were used (material content: wa-
ter — 0.8%, ash residue — 47%, ammo-
nium — 0.0002%, zinc — 0.0003%) with
synthetic pheromone applied to them
in the amount of 0.5 mg (option I) and
2.0 mg (option II), respectively, per 1
dispenser (Fig. 3).

At the first stage of work, in
both variants of the experiment,
glue traps of the Rhombus type (dia-
mond-shaped traps) were used. At the
second stage of the work, traps of the
Rhombus type, Quadro type and Delta
type were used (Fig. 4-6), in parallel,
adhesives of different compositions
from several manufacturers were
tested in deltoid traps.

The Delta type trap, or deltoid
trap (Fig. 4), is a universal and most
commonly used design for trapping Lepidoptera us-
ing sex pheromones (TU 72.11.13-033-04731278-
2015). The case is made of thick laminated cardboard,
which is folded into a triangular-prismatic trap, the
base of which is 12.9 cm, the sides are 12.4 cm, and
the length is 18.6 cm. A sheet of cardboard measur-
ing 18 x 12 cm with applied entomological glue (ad-
hesive insert). The total area of the adhesive surface
is 216 cm?. In the experiments of the second stage,
2 types of glue were applied to the liners — Polyfix (TU
2387-002-55841212-2002, Khimtek, Ufa) and Uniflex
(TU 5262-001-68159309-2013, Republic of Belarus).
An improved version of the deltoid trap was also test-
ed (Delta-N, TU 72.11.13-128-04731278-2020), which
provides for the absence of liners and the application
of entomological glue over the entire area of the inner
surface of the trap (648 cm?).

el
e
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JloBymika tuma «Kagpo» (puc. 6) (TY 72.11.13-
127-04731278-2020), B cBOIO Oouepelb, SABJISIETCSI
BapuaHTOM POMOOBUIHOM JIOBYUIKU C YIIPOIUIEeHHON
cucteMoit pukcaruy GOpPMbI U C YBEJIMUEHHOH I1J10-
I1a1bI0 KJIE€BO OBEPXHOCTY: IPAHU JIOBYIIIKY UMEIOT
BHeIIHMe pa3Mepsl 44,5 Ha 24,0 cM, ob11as maonanb
KJIEEBOM ITOBEPXHOCTHY — 912 cM?, a BePXHSIA 1 HIDKHSIS
ITOJIOBUHBI JIOBYIIKY, B OTJAUYME OT «PoMba», MMEIT
ONVUHAKOBbIY 06beM. Ha BHYTPeHHIOI0 TTOBEPXHOCTD
JioByIIek «Pom6» m «KBazipo» HAaHOCWIIN KJIel yHuMm-
CKOTo mpousBojcTBa «Ilonupukc». Bce JOBYIIKU
MMOABEIINBAJIV HA BETBU JIEPEBLEB C TTIOMOIILIO TIPO-
BOJIOKY, CKPEIISIONeN KOPIYyC JIOBYIIKU. JIOByII-
KU BBIBEIIVBAJIM B KOHIE CEHTIOPS HA TEPPUTOPUN
®I'BY «BHUVKP» (MockoBcKas 06J1., PAMEHCKUI p-H,
Pp. 11. BBIKOBO) B JIECHOM MacCCHBE, COCTOSIIIIEM 13 COCEH,
ejell, ocuH u 6epes, Bo3pacTa 0koJio 50 JIeT, Ha BETBSIX
JINCTBEHHBIX JIePEBBEB, UePeys ITOJIOKeHEe JIOBYIIEK
Pa3HBIX BAPUAHTOB CIyYaliHbIM 06Pa3oM.

CraTucTUYeCcKyio 06paboTKy JaHHBIX TTPOBOAUIIN
MEeTO/I0M O HO(aKTOPHOTO JUCIIEPCUOHHOT0 aHaJIN3a,
peanusoBanHoro B I10 MS Excel 2016 1. Paziuuns otie-
HUBAJIU 110 t-KpuTeputo CThIOJEHTA U CYUTAJIU CTATH-
CTMYECKM 3HaUUMbIMU 11pu p < 0,05.

PE3VJBbBTATBI U OBCYKJEHUE

KakB 2019, Tak 1 B 2020 I. IOTOAHbIE YCI0BUS ObLIN
6JIaTOIPUATHBI IJISI MAaCcCOBOTI0 JIETA CAMIIOB 3UMHEN
nageHuiibl. B 2019 1. 16T Havajcsd B MePBBIX YKUCIAX
OKTSAOPS U MPAaKTUUYECKU ITOJIHOCTbHIO 3aBEPIINJICS
K KOHILy Mecs11a, a B 2020 1. HavaJjcs B KOHIIE TIePBOH
JeKaJbl OKTSIOPS U TIPOJIOJIXKAJICS IO TIEPBOM JeKa bl
HOs1I6ps1. Pe3ynbTaThl IPOBEeLEeHHbBIX DKCIIEPUMEHTOB
IIpecTaBeHbl B Tabauiiax 1 u 2.

Kak BUIHO 110 JaHHBIM TabJuIbl 1, HA CUHTETU-
4ecKkyio GepoOMOHHYI0 cMech II, colep)kaBIIyio 2 MT
IIeMCTBYIOIIETO BenlecTBa (JToByrky I[1-1 — 11-10), 661510
ImoiMaHo B 2 pasa GoJibllle caMI[OB IIeJIEBOTO BUA,
4yeM Ha cMech I, comepxasiuy 0,5 MI' CUHTETUUECKO-
ro (epomoHna (yoBymku -1 — [-10). Pasnuuus 6p11u

Puc. 6. BHewHun Bup kneesori nosywku  Fig. 6. Quadro glue trap

«KBappo» (hoTo aBTOPOB)

(photo by the authors)

Traps of the Rhombus type and the Quadro type
are modifications of the deltoid trap.

The Rhombus type trap (Fig. 5) (TU 72.11.13-080-
04731278-2018) in appearance consists of two plates
of cardboard laminated on both sides, soldered with
narrow ends, 20 x 16 cm in size, which unfold into a
figure resembling a three-dimensional rhombus with
two upper faces measuring 10 by 16 cm and two lower
faces measuring 9 by 16 cm. Entomological glue was
applied on the inside of the trap to fix the insects at-
tracted by the pheromone. The total area of the adhe-
sive surface is 420 cm?. There are two 0.5 cm diameter
holes in the upper rib of the structure for hanging the
trap using the wire included in the kit.

The trap of the Quadro type (Fig. 6) (TU 72.11.13-
127-04731278-2020), in turn, is a variant of a dia-
mond-shaped trap with a simplified system for fixing
the shape and with an increased area of the adhesive
surface: the edges of the trap have external dimensions
of 44.5 by 24.0 cm, the total area of the adhesive surface
is 912 cm?, and the upper and lower halves of the trap,
unlike the Rhombus, have the same volume. On the in-
ner surface of the traps Rhombus and Quadro was ap-
plied glue produced in Ufa Polifix. All traps were hung
on tree branches with a wire fastening the body of the
trap. The traps were hung out at the end of September
on the territory of FGBU “VNIIKR” (Moscow Oblast, Ra-
menskoye, Bykovo) in a forest area consisting of pines,
spruces, aspens and birches, about 50 years old, on the
branches of deciduous trees, alternating the position of
the traps of different options randomly.

Statistical data processing was carried out by the
method of one-way analysis of variance implemented
in MS Excel 2016 software. Differences were assessed
by Student’s t-test and considered statistically signifi-
cant at p < 0,05.

RESULTS AND DISCUSSION

Both in 2019 and 2020, the weather conditions were fa-
vorable for the mass flight of males of the winter moth.
In 2019, the flight began in early Oc-
tober and almost completely ended by
the end of the month, and in 2020 it
began at the end of the first ten days
of October and continued until the
first ten days of November. The results
of the experiments are presented in
tables 1 and 2.

As can be seen from Table 1, the
synthetic pheromone mixture II con-
taining 2 mg of the active substance
(traps II-1 — [I-10) caught 2 times more
males of the target species than mix-
ture I containing 0.5 mg of synthetic
pheromone (traps I-1 — I-10). The dif-
ferences were considered statistical-
ly significant (F fact = 8.04 > F table =
4.41; df = 1, P-value = 0.01). However,
mixture Il was more effective than mix-
ture I only in quantitative terms, but
not in terms of the duration of the at-
tractive action, which turned out to be
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MIPU3HAHBI CTATUCTUYECKU JOCTOBepHbIMU (F dakT. =
8,04 > F tabu. = 4,41; df = 1, P-suauenue = 0,01). Ox-
Hako cMech II Obina sdexkTuBHEee cMecu I nullb
B KOJINYECTBEHHOM OTHOIIEHUY, HO HE I10 TTPO0JIKHU-
TEJbHOCTY aTTPAKTUBHOTO JEUCTBUS, KOTOpas OKa-
3ajlach OJTHOM 1 TOU e MIJisd 060UX BapuaHTOB. TakuM
06pa3oM, 115 BBISIBJIEHUSI U MOHUTOPWHTA BPEAUTES
4-KpaTHOE yBeJIUYEHNUE NO3UPOBKU CUHTETUYECKOTO
(hepoMoHa HE MOXKET CUUTATHCSA 00I3aTETBHBIM.

[Ipu 06paboTke MAaHHBIX, TOJYYEHHBIX B X0l
MPOBeNEeHNUS ONbITA M0 U3ydyeHUI0 3 GHEeKTUBHOCTHU
Pa3JIMYHBIX BAPUAHTOB KJIEEBBIX JIOBYIIEK, PACCUH-
THIBAJIX HE TOJIBKO CPeJHEe KOJIMYECTBO CaMI[OB, ITOM-
MaHHBIX B JIOBYIIKY JaHHOTO TUIA, HO U, C YYETOM
JIOCTaTOYHOTO Pa3HOOOPas3usa KOHCTPYKIIUH, CpelHee
KOJIMYECTBO HACEKOMBIX, ITIOMMaHHBIX Ha 1 cM? Kiee-
BOU roBepxHOCTH (Tab. 2).

[Ipu cpaBHEHUU JBYX BapUaHTOB Kjes (Tabi. 2)
6oJiee 3(hheKTUBHBIM ObLI ITpU3HaH «[ToIrpuKCc» poc-
CUMCKOTO ITPou3BoACcTBa (JToBymiky AY1-VY5). YiIoBbI
Ha BKJAJbIIIAX, COAEPKABIIUX KJIEH «YHUDIIEKC»,

Ta6auna 1

the same for both variants. Thus, for pest detection and
monitoring, a 4-fold increase in the dosage of synthetic
pheromone cannot be considered mandatory.

When processing the data obtained during the ex-
periment on the study of the effectiveness of various
versions of glue traps, we calculated not only the aver-
age number of males caught in a trap of this type, but
also, taking into account a sufficient variety of designs,
the average number of insects caught per 1 cm? of glue
surface (Table 2).

When comparing two variants of the adhesive
(Table 2), Russian-made Polifix (traps DU1-DU5) was
recognized as more effective. Catches on liners con-
taining Uniflex glue produced in the Republic of Be-
larus (traps DB1-DB5) were on average 30% lower. We
attribute this to the fact that the loss of water by Bela-
rusian glue during operation probably causes its exces-
sive thickening, which negatively affects the possibility
of fixing target objects with a small body mass.

In a comparative analysis of different variants
of glue traps (Table 2), the diamond-shaped trap

Pe3ybTaThl OTJIOBA CAMIIOB 3MMHEH MAJeHUIIbI HA CHHTEeTUYeCKHii (hepoMoH

B pa3JII/I‘IHbIX /103npomcax
Table 1

The results of capturing male common winter moths for synthetic pheromone

in various dosages

Ne HUToro B cpegHem
JIOBYIIKH 110 JIOBYIIKE, 3K3. Ha JIOBYHIKY, 3K3.
Trap N¢ 14.10.2019 18.10.2019 22.10.2019 26.10.2019 05.11.2019 11.11.2019 Trap Total, ex. Trap average, ex.
-1 14 4 4 2 0 0 24 22,2

-2 14 24 9 7 0 2 56

I-3 9 4 3 4 0 2 22

-4 8 2 1 1 0 0 12

I-5 5 2 3 0 0 0 10

-6 10 4 0 3 0 0 17

-7 10 7 2 5 0 0 24

-8 1 3 1 2 0 0 7

-9 11 1 8 0 0 0 20

1-10 23 5 2 0 0 0 30

Cymma Total 222

-1 9 12 7 8 0 0 2l 42,5

-2 35 25 18 10 0 2 90

11-3 9 13 6 3 0 0 31

-4 10 8 7 4 1 0 30

II-5 24 14 5 8 0 0 51

11-6 20 11 9 3 0 1 44

-7 12 7 11 4 0 0 34

11-8 14 11 6 4 2 1 38

11-9 16 8 8 3 2 0 37

1I-10 24 12 3 0 0 0 39

Cymma Total 425

dutocaHuTapusi. KapaHTuH pacteHuii 62



MOJIEBbIE UCMbITAHUA  FIELD TESTS

Ta6auia 2

Pe3ybTaThl OTJIOBA CAMIIOB 3MMHEH MAJeHUIIbI B pa3JIMUHbIe BapuaHThI GepOMOHHBIX
JoByuiek (J1-/15 — joByuiku «JlejbTa», P1-P5 — 1oBymku « PoM6»,
K1-K5 — nmoBymku «KBagpo», IB1-/1B5 — joByuku «/leabTa» ¢ KiaeeM «YHUdIekce», Bemapycs,

OY1-71Y5 — noByIku ¢ KjieeM «Ilomudukce», r. Yia)

Table 2

The results of capturing male common winter moths in various pheromone traps
(D1-D5 - Delta traps, P1-P5 — Rhombus traps, K1-K5 — Quadro traps,
DB1-DB5 - Delta traps with Uniflex glue, Belarus, DU1-DU5 - traps with Polyfix glue, Ufa)

KosimuecTBO OTJIOBJIEHHBIX CaMILIOB I10 JaTaM, 3K3.

Ne Number of captured males by date, ex. Cymmapuo B cpeanem
JIOBYIIKH 10 JIOBYLIKaM, 9K3. Ha JIOBYIIKYy/CM?, 3K3.
Trap N¢ 05.10.2020 17.10.2020 28.10.2020 12.11.2020 Total for traps ex.  Average per trap/cm?, ex.
01 D1 2 22 18 6 48 41,4/0,0639
2 D2 1 33 11 5 50

I3 D3 1 30 20 6 57

14 D4 0 19 0 28

5 D5 0 4 16 4 24

Bcero Total 4 98 84 21 207

P1 0 14 22 13 49 46,0/0,1095
P2 0 31 27 58

B3 1 15 12 28

P4 0 30 7 13 50

P5 2 24 9 10 45

Bcero Total 3 114 77 36 230

K1 0 14 18 4 36 31,0/0,0340
K2 0 14 10 5 29

K3 0 15 12 7 34

K4 0 6 6 1 13

K5 2 21 20 0 43

Bcero Total 2 70 66 17 155

Ib51 DB1 1 4 0 10 9,8/0,0454
IB52 DB2 0 1 0

IB3 DB3 1 4 3 0

IIB4 DB4 0 0 0

IOB5 DB5 0 12 3 0 15

Bcero Total 2 36 11 0 49

Ioy1DU1 0 7 6 0 13 15,2/0,0694
Ly2DU2 0 17 4 0 21

Iy3 DU3 0 12 4 2 18

ay4 Du4 0 8 2 2 12

Iy5 DU5 0 7 4 1 12

Bcero Total 0 51 20 5 76

BBIITyCKaeMblil B Pecny6iuke Bemapychk (JIOBYIIKU
IOB1-IB5), 661U B cpegHeM Ha 30% HUXKe. MbI CBA3bI-
BA€eM 3TO C TEM, UTO ITOTEPS GETIOPYCCKUM KIIEEM B XO[I€
SKCILTyaTalluy BOJbI, BEPOSITHO, BBI3BIBAET €T0 UPe3-
MepHOe 3aryCTeHUe, YTO OTPUIIATENbHO CKa3hIBAETCS
Ha BO3MO)XHOCTU (QUKCAIIUY 1IeJIEBBIX OOBEKTOB C He-
GOJIBIIION MacCoy Tea.

[Tpu CpaBHUTEIHHOM aHAJIN3€ PABITUYHBIX BapU-
AQHTOB KJIEEBBIX JIOByIIEK (TabJ1. 2) Haubosee ahdek-
TUBHOU ObLJIa TPU3HAHA KOHCTPYKIIUS POMOOBUAHOM
JgoBymky (P1-P5), koTopas oTauvYaeTcs HaubosbInei
CTEIMEHBI0 3aKPBITOCTHU, 3aTPYAHSIONEN HAaCEKOMBIM
BBIXOJ] U3 JIOBYIIKY U 06€CIIeunBaoIeil TeM CaMbIM

design (P1-P5) was recognized as the most effective,
which is distinguished by the highest degree of close-
ness, which makes it difficult for insects to exit the trap
and thus provides a greater probability of fixing an ob-
ject on the adhesive layer (Fig. 7).

And, on the contrary, the most open of the traps —
Quadro, having the largest adhesive surface, is charac-
terized by an extremely low catchability (traps K1-K5).
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Puc. 7. CaMubl 3MMHel
nspeHuLbl B pombosugHon  moth in a diamond-shaped trap

Fig. 7. Male common winter

nosyLuke ((hoTo aBTOPOB) (photos by the authors)
GOJIBIIYI0 BEPOSITHOCTD (huKcaruy 06 beKTa Ha Kiee-
BOM cJoe (puc. 7).

Y, HarpoTuB, HanboJiee OTKPHITAS U3 JIOBYIIEK —
«KBampo», obyamas HauOOJbIIeH KJIEEeBOUM ITOBEPX-
HOCTBI0, OTJIMYAETCS KpaliHe HU3KOU YJIOBUCTOCTbHIO
(moBymku K1-K5). KpoMe Toro, obJsiajiast 4pe3sMepHO
6OJIBIION A1 CBOEM KOHCTPYKIIWHY TIJIONIA/IhI0 TIOBEPX-
HOCTH, JIOBYIITKA «KBaipo» B yCIOBUIX BHICOKOM BIAXK-
HOCTU OY€Hb IIJIOXO COXPaHSeT CBOI0 hopmy (puc. 8).

3AKJ/IIOYEHUE

Pe3ysibTaThl ITOJIEBBIX MCIBITAHUM (DEPOMOHHBIX JIO-
BYIIIEK OTE€YECTBEHHOTO IIPOU3BOICTBA C CUHTETHUYE-
CKUM (DEPOMOHOM 3UMHEH MSIEHUIIbI TOKA3aJIu UX
BBICOKY0 OMOJIOTMYECKYI0 aKTUBHOCTD IT0 OTHOIIEHUTO
K 9TOMY BPEJUTEJI0, YTO O3BOJISIET UCIIOAb30BATh
JIaHHbIe (DEPOMOHHBIE JIOBYIIKY [IJISI BBISIBJIEHUS U MO-
HUTOPUHTA YUCJIEHHOCTY TAKOI'0 OITAaCHOTO BPeLUTEIS
Jleca, KaK 3UMH4 Isagenuiia Operophtera brumata.
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In addition, having an excessively large surface area for
its design, the Quadro trap retains its shape very poorly
under conditions of high humidity (Fig. 8).

CONCLUSION

The results of field tests of Russian pheromone traps
with synthetic common winter moth pheromone
showed their high biological activity against this pest,
which makes it possible to use these pheromone traps
to identify and monitor the abundance of such a dan-
gerous forest pest as Operophtera brumata.
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HALUN 3KCNEAULLUN

YIAK 595.789

Styx infernalis Staudinger,
1876 (Lepidoptera,
Riodinidae) —
YHUKAaJIbHAsI 6a00uKa

n3 Ilepy

M.I. KOBAJIEHKO?, 10.A. JIOBIJOBA?,
4.H. KOBAJIEHKO?

®I'BY «BcepoCcCUCKU IIEHTP KapaHTUHA PaCcTeHUI»
(®I'BY «BHUUKP»), p. 1. BBIKOBO, I. PAMEHCKOE,
MockoBckas 06J1., Poccus
1 ORCID 0000-0001-7824-9277, e-mail: bush_zbs@mail.ru
2 ORCID 0000-0002-7266-6229, e-mail: julialov@inhox.ru
3 ORCID 0000-0002-2572-9522,

e-mail: sinodendron.rus@gmail.com

AHHOTAIIA
[IpUBOISATCSA CBENEHUS O PEAKOU M MaJIOM3y4deH-
HOU 6abouke Styx infernalis Staudinger, 1876 (Lepi-
doptera, Riodinidae), cobpaHHOI COTpPyAHUKaAMU
®I'BY «BHUWKP» B X07le DHTOMOJIOTHYECKOH 3KCITe-
nuuuu B Pecrry6suky [Tepy. PaccMaTpuBaioTCs CIOXK-
HOCTU U IIPOTMBOPEYUS B TAKCOHOMUYECKOM I10JI0-
J)KEeHWU JJAaHHOTO BUZA, BOSHUKABIINE B ITPOIIECCE ETO
U3yYeHUs PA3IMYHBIMU UCCIIe0BaTeNIMU. S. infernalis
MMeeT HAaCTOJbKO HeOObIUHbIN 06K, YTO C MOMEHTA
CBOETO onucanus nobbiBaa B pa3HbIX ceMelicTBax 6a-
6ouek: Bensuku (Pieridae), Tony6saku (Lycaenidae),
Puopununsl (Riodinidae); 6osiee TOro, I HETO BbI-
IeJisyiv JaXke OTIeJbHOe ceMelicTBO Stygidae. Taxxke
OCBENIAITCS NaHHbIE O (DUIIOreHETUYECKUX CBI3SX,
MecTax obuTaHus u obpase xusnuu S. infernalis. [Ipu-
MeuaTeJIbHO, UTo S. infernalis husoreHeTUYeCKU BJIvKe
K puoguHugam Craporo Cera, uem HoBoro. B cTaTbe
06Cy>X/1al0TCS MPUYUHBI 3TOI'0 UHTEPECHOTO SIBJIEHUS.
Haxopxka S. infernalis corpynaukamu ®I'BY «BHUVIKP»
“MeeT HECOMHEHHYIO IIeHHOCTh. BO-TIEPBBIX, CTaJIa 13-
BECTHA ellle OflHa reorpaduyeckas ToUka, rjie oouTaeT
STOT PEIKUIL BUI, BO-BTOPBIX, TTOATBEPIUINCE NaHHbIE
0 ero cymepeuHoM ob6pase xu3Hu (6abouka 6bLIa MO-
MaHa B CyMepKax, XOTs B JIUTEPATYPE UMEIOTCS CBe-
JIeHUS ¥ O JHEBHO aKTUBHOCTY TaHHOTO BUIa). B Ka-
YeCcTBe BKCKJIIO3WUBHOM HAXONKMU BTOT YHUKAJIBHBIN
9K3eMILIAP OBLI AETTOHMPOBAH B 9HTOMOJIOTUYECKU Y
¢oum ®I'BY «BHUVKP» u cTal OLHUM U3 IleHHEeH-
X IpeAcTaBUTeNel KoeKiuy 6abouek. B cTaTbe
TaKXXe IPUBOAATCS poTorpadmu ¥ TOUKM cOopa Ipy-
TUX PUOAVHUZ, TOWUMAaHHBIX B [Iepy COTPYyIHUKAMU
SI'BY «BHUUKP».

Knrwouesvie cnosa. Tpomuku, Riodinidae, Styx,
Hamearis, Amarynthis, Ancyluris, Baeotis, 9HIeMUK, TaK-
coHOMUS, GUIOTEHUS.
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ABSTRACT
The present article provides data on a rare and little-
studied butterfly Styx infernalis Staudinger, 1876 (Le-
pidoptera, Riodinidae), collected by FGBU “VNIIKR”
specialists during an entomological expedition to the
Republic of Peru. It considers difficulties and contra-
dictions in the taxonomy of this species, arising when
studied by various researchers. S. infernalis has such
an unusual appearance that since its description it has
been attributed to different butterfly families: Pieridae,
Lycaenidae, Riodinidae; moreover, it was even referred
to as a separate family called Stygidae. It also highlights
data on phylogenetic relationships, habitats and life-
style of S. infernalis. It is noteworthy that S. infernalis is
phylogenetically closer to the Old World than the New
World riodinids. The article discusses the reasons for
this interesting phenomenon. The detection of S. in-
fernalis by FGBU “VNIIKR” specialists is of undeniable
value. Firstly, another geographical point where this
rare species lives became known, and secondly, data on
its twilight lifestyle were confirmed (the butterfly was
caught at twilight, although there is information in the
literature about the daytime activity of this species). As
an exclusive detection, this unique specimen was de-
posited in the entomological fund of FGBU “VNIIKR”
and became one of the most valuable representatives of
the butterfly collection. The article also provides photo-
graphs and collection points of other riodinids caught
in Peru by FGBU “VNIIKR” specialists.

Key words. Tropics, Riodinidae, Styx, Hamearis,
Amarynthis, Ancyluris, Baeotis, endemic, taxonomy, phy-
logeny.
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BBEJEHUE

nopuuupabl (Riodinidae) — ceMeiicTBO
OyJIaBOYChIX  YEIIyeKPBLIbIX, SBJIS-
oleecss CEeCTPUHCKON TPYIMION Tro-
ay6sHOK (Lycaenidae) ¥ HaCUMUTHI-
BaIee TIOPS/IKA IIOJYyTOPA ThICAY
BUIOB, OOJBIIMHCTBO N3 KOTOPBIX
pacrpocTpaHeHo B Tponukax CTaporo
u HoBoro CBeTa, OOHAKO OTAEJbHbIE
TIPE/ICTAaBUTENM TIPOHUKAIOT U B YMEPEHHBIN IOsC
(Espeland et al., 2015). B anpese 2016 T. B pesyibTa-
Te sHTOMoOJIornYeckoi sxcrnenunuu @Iy «BHUUKP»
B Pecnybnuky Ilepy O6bLI TOWMaH yHUKAJbHBIN
MIpeCTaBUTENb JAHHOTO ceMelicTBa — Styx infernalis
Staudinger, 1876 (puc. 1). 9TOT €IUHCTBEHHBIN W3-
BECTHBIN BUJ poja Styx Staudinger, 1876 BcTpedaet-
cs kpatiHe penko (Brown, 1993), u ntobble cBeIeHUS
0 ero HaxoJKax IIPeICTaBJISI0T CO00H IIeHHOCTh. Kpo-
Me TOro, S. infernalis MeeT BecbMa CJIOKHYI0 TAKCOHO-
MUWYECKYI0 MCTOPHI0, KOTOpasi MOXET IIPEICTaBJISITh
WHTEePeC KakK JJisi SHTOMOJIOTOB, TaK U JIJIsI JPYTUX KC-
ciaenoBaTese.

MaTepuaJi. B paboTe UCIT0Ib30BaJICS CIIEAYION U
MaTepura (TaHHbIe STUKETOK IPKUBeLeHbI 63 u3MeHe-
HUN):

Styx infernalis Staudinger, 1876. Peru, Junin re-
gion, Satipo prov., Pampa Hermosa distr., San Anto-
nio vicinity, h 1400 m, S 11°25°13.8”, W 74°46’02.5",
18.04.2016, Ya.N. Kovalenko, M.G. Kovalen-
ko, J.A. Lovtsova leg. (sHTOMOJIOTHUYECKUH (DOH]T
®I'BY «BHUUKP»);

Hamearis lucina (Linnaeus, 1758). Germania c.
Jena Thiir. 10.5.76. G. Goldbach (xominex1iiysa 30010T1-
yeckoro mysest MI'Y);

Baeotis bacaenis Hewitson, 1874. Peru, Junin
region, Satipo prov., Pampa Hermosa distr., San Anto-
nio vicinity, h 1400 m, S 11°25°13.8”, W 74°46’02.5",
15.04.2016, Ya.N. Kovalenko, M.G. Kovalen-
ko, J.A. Lovtsova leg. (sHTOMOJIOTHUYECKUH (DOH[T
®I'BY «BHUUKP»);

Ancyluris meliboeus (Fabricius, 1777). Peru, Junin
region, Satipo prov., Pampa Hermosa distr., San Anto-
nio vicinity, h 1400 m, S 11°25°13.8”, W 74°46’02.5",
18.04.2016, Ya.N. Kovalenko, M.G. Kovalen-
ko, J.A. Lovtsova leg. (sHTOMOJIOTHUYECKUH (DOH]T
®I'BY «BHUUKP»);

Amarynthis meneria (Cramer, [1776]). Peru, Junin
region, Satipo prov., Pampa Hermosa distr., San Anto-
nio vicinity, h 1400 m, S 11°25°13.8”, W 74°46’02.5",
19.04.2016, Ya.N. Kovalenko, M.G. Kovalen-
ko, J.A. Lovtsova leg. (sHTOMOJIOTHMYECKUH (DOH]T
®I'BY «BHUVKP»).

OB30PHAA NH®OPMAIINA

S. infernalis 6pL1 OTMCAH HEMEIKUM KJIACCUKOM Jie-
nuponiteposioruu OTTo lITaynuurepom (Staudinger,
1876) u3 Yanuamaiio (mleHTpajbHas yacTh [lepy)
10 IBYM caMIlaM ¥ OLHOM caMKe. B mepBoonucaHuu
aBTOP OTMETUJI BBICOKOE CBOeOobOpasye 53To TeMHOU
npo3pavyHoi 6ab0uKy, YIIOMAHYB, YTO OJLUH U3 €T0
3HAKOMBIX Y9HTOMOJIOTOB Jla)ke TTOCYUTAJ €€ Pa3Ho-
ycoii (Heterocera). Tem He MeHee lllTayauHTep ObLI
YBEPEH, UTO IMepPeJ, HUM IMPeLCTaBUTEb OEJITHOK
(Pieridae), u BkIwYUI pox Styx B LaHHOE CeMel-
cTBO. «KakeTcsl, YTO 3TOT CTPAHHBIN BUJ, IPOUCXO-
IUT U3 TI0J3€MHOI'0 MUpPa, a He U3 IIbIIIHONW TPOIH-
YeCKOU PacTUTENbHOCTH [1epy, YTO U IPUBEJIO MEHS

INTRODUCTION

iodinidae is a family of butterflies, that is a

sister group of Lycaenidae, and containing

1,500 species, most of which are common

in the tropics of the Old and New Worlds,

however, some of them distribute into the
temperate zone (Espeland et al., 2015). In April 2016,
as a result of an entomological expedition of FGBU
“VNIIKR” to the Republic of Peru, a unique repre-
sentative of this family was collected — Styx infernalis
Staudinger, 1876 (Fig. 1). This is the only known spe-
cies of the genus Styx Staudinger, 1876, it occurs quite
rarely (Brown, 1993), and any information about its
detections is valuable. Besides, S. infernalis has a very
complex taxonomic history, which may be of interest
to both entomologists and other researchers.

Material. The following material was used in the
work (the data of the labels are given without changes):

Styx infernalis Staudinger, 1876. Peru, Junin re-
gion, Satipo prov., Pampa Hermosa distr.,, San Anto-
nio vicinity, h 1400 m, S 11°25°13.8”, W 74°46°’02.5”,
18.04.2016, Ya.N. Kovalenko, M.G. Kovalenko,
J.A. Lovtsova leg. (FGBU “VNIIKR” Entomological Fund);

Hamearis lucina (Linnaeus, 1758). Germania c.
Jena Thir. 10.5.76. G. Goldbach (collection of the Zoo-
logical Museum of Moscow State University);

Baeotis bacaenis Hewitson, 1874. Peru, Junin re-
gion, Satipo prov., Pampa Hermosa distr., San Anto-
nio vicinity, h 1400 m, S 11°25°13.8”, W 74°46’02.5",
15.04.2016, Ya.N. Kovalenko, M.G. Kovalenko,
J.A. Lovtsova leg. (FGBU “VNIIKR” Entomological Fund);

Ancyluris meliboeus (Fabricius, 1777). Peru, Junin
region, Satipo prov., Pampa Hermosa distr., San Anto-
nio vicinity, h 1400 m, S 11°25’13.8”, W 74°46’02.5”,
18.04.2016, Ya.N. Kovalenko, M.G. Kovalenko,
J.A. Lovtsova leg. (FGBU “VNIIKR” Entomological
Fund);

Amarynthis meneria (Cramer, [1776]). Peru, Junin
region, Satipo prov., Pampa Hermosa distr., San Anto-
nio vicinity, h 1400 m, S 11°25’13.8”, W 74°46’02.5”,
19.04.2016, Ya.N. Kovalenko, M.G. Kovalenko,
J.A. Lovtsova leg. (FGBU “VNIIKR” Entomological Fund).

FRRererreeneerrnnnnni
Puc. 1. Styx infernalis Staudinger, Fig. 1. Styx infernalis

1876. Mepy, NnpoBUHLMSA
Catuno (3HTOMOIOrMyecKum
thoHp OIBY «BHUUKP»)
(choTo HO.A. NNoBLOBO)

Province (FGBU “VNIIKR”
Entomological Fund)
(photo by J.A. Lovtsova)
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K HECKOJIBKO CTPaHHOMY Ha3BaHUIO», — mucaJ lllTay-
IVHTED B CBOEM TPY/IeE.

B pa6oTe mpyroro KjiacCuKa JIETIUIONITEPOJIOT N —
Apanbbepra 3aiiua (Seitz, 1924) — S. infernalis Takxe
¢urypupoBas B cocTaBe 6eJITHOK, OLHAKO 06CyX1a-
Jlach Hey6eIUTEbHOCTb ET'0 HACTOSANIETO TAKCOHOMMU-
YeCKOTO IOoJoXKeHus. [1o MHEeHNIO 3aiiila, BHEIIHUM
06JIMKOM M XapaKTepPOM KUJIKOBaHUA S. infernalis mo-
X0 Ha GEJITHOK, HO B TO )K€ BPEMSI CTPOEHUE 3aJJHUX
KPBLIbEB MaJI0 YeM OTJINYAETCSI OT HEKOTOPBIX HUTO-
muug (Ithomiidae) (B HacTosInee BpeMss UTOMUU LB
paccMaTpuBarOTCS B paHTe TpUGHI moaceMericTBa Da-
nainae cemerictBa Nymphalidae), a cCTpyKTypa HIKHe-
T'YOHBIX IIYITMKOB 1 HOT TTOKa3bIBAET CUJIbHOE CXOJICTBO
c Erycinidae (HeielicTBUTEIbHOE HA3BaHUE CEMENCTBA
Riodinidae). Paree (Jordan, 1909) 6bL7I0 IIPEIJIOKEHO
oTHecTH S. infernalis k Erycinidae Ha 0CHOBaHUM CTPO-
€HUS YCUKOB, I'PYAY, HOT, )KUJIKOBAHUS, & TAKI)KE STUII.

B 1958 r. I1.P. 9paux (Ehrlich, 1958) Bxaounn
pon Styx B OTHeIbHOE TTofceMecTBO Styginae, KOTO-
poe, Hapanay ¢ Lycaeninae u Riodininae, oH cuuTan
nogiceMericTBoM rony6siHok (Lycaenidae). [>x.H. dmu-
ot (Eliot, 1973) paccmaTpuBaJ S. infernalis B cocTaBe
ocob6oro cemelicTBa Stygidae, a romy6sHoK (Lycaeni-
dae) u puonpuuauy (Riodinidae) — Tax)ke B KauecTBe ca-
MOCTOATEJbHBIX ceMelcTB. [To MHeHutIo JI)k.A. CKOTTa
(Scott, 1985), S. infernalis iBISIETCS OTHEIBHOMN BETBbIO,
OTIleIUBIIENCS OT JUHWU, BEAyLIel K ceMelicTBaM
puomuHu u rosy6sHok. B 1987 r. .. XapBu (Har-
vey, 1987) Ha OCHOBaHUY MMPU3HAKOB T€HUTAJIUH ca-
MOK 1 0CO6eHHOCTel CTPOeHMSI CEHCHUJILI Ha ITepeaHeld
JIaTIKe BKJIIOUMJI pPoj Styx B ceMmelicTBo Riodinidae,
c ueM B 1988 1. cornacuiica P.K. Pob6uHC, u3y4uus Je-
TaJIbHOE CTPOEHYE HOT TONYOSIHOK U PUOAUHUT, TTPU
TIOMOIIY CKaHUPYIOIIEN 3JIeKTPOHHOU MUKPOCKOITUY
(Robbins, 1988). [To3’xe 3TO TMOATBEPIAUIN U MOJIEKY-
JsipHO-TeHeTmYeckue manHble (Wahlberg et al., 2005).
K.C. BpayH moJiaraJ, uto S. infernalis sBnsieTcs Hau6o-
Jiee TIPUMUTUBHOU PUOLUHUION U3 CYIIECTBYIOIINX
B HacTosIee BpeMs (Brown, 1993).

Puc. 2. Hamearis lucina
(Linnaeus, 1758).

FepmaHus, MenHa

(konnekuusa 300710rMYECKOro
my3ses MI'Y) (hoTo

10.A. JloBu0BOI)

Fig. 2. Hamearis lucina
(Linnaeus, 1758). Germany,
Jena (collection of the
Zoological Museum

of Moscow State University)
(photo by J.A. Lovtsova)

OVERVIEW

S. infernalis was described by the German classic of le-
pidopterology Otto Staudinger (Staudinger, 1876) from
Chanchamayo (central Peru) for two males and one fe-
male. In the original description, the author noted the
high originality of this dark transparent butterfly, men-
tioning that one of the entomologists he knew even con-
sidered it a Heterocera. Nevertheless, Staudinger was
sure that it was a representative of Pieridae, and includ-
ed the genus Styx in this family. “This strange species
seems to come from the underworld, and not from the
lush tropical vegetation of Peru, which led me to a some-
what strange name”, Staudinger wrote in his work.

In the work of another classic of lepidopterology —
Adalbert Seitz (Seitz, 1924) — S. infernalis was also con-
sidered to be Pieridae, however, the inconclusiveness
of its present taxonomy was discussed. According to
Seitz, by appearance and character of venation, S. in-
fernalis resembles Pieridae, but at the same time, the
structure of the hindwings is not much different from
that of Ithomiidae (at present, [thomiidae are consi-
dered as a tribe of the subfamily Danainae of the fami-
ly Nymphalidae), and the structure of labial palps and
legs shows a strong resemblance to the Erycinidae (an
invalid family name for the Riodinidae). Previously
(Jordan, 1909), it was proposed to attribute S. infernalis
to Erycinidae based on the structure of the antennae,
thorax, legs, venation, and eggs.

In 1958, P.R. Ehrlich (Ehrlich, 1958) included the
genus Styx in a separate subfamily Styginae, which,
along with Lycaeninae and Riodininae, he considered
as a subfamily of Lycaenidae. J.N. Eliot (Eliot, 1973)
considered S. infernalis as part of a special family Sty-
gidae, and Lycaenidae and Riodinidae also as indepen-
dent families. According to J.A. Scott (Scott, 1985), S. in-
fernalis is a separate branch, separated from the line
leading to families Lycaenidae and Riodinidae. In 1987,
D.J. Harvey (Harvey, 1987) based on the features of the
female genitalia and structural features of the sensil-
la on the foreleg, included the genus Styx in the family

Puc. 3. Amarynthis meneria  Fig. 3. Amarynthis
(Cramer, [1776]). Nepy, meneria (Cramer, [1776]).
npoBuHUMa Catuno Peru, Satipo Province
(aHTOMONOrMYEeCKnii (FGBU “VNIIKR”

thoHa PrBY «BHUNKP») Entomological Fund)
(choTo HO.A. JTloBLOBOW) (photo by J.A. Lovtsova)

dutocaHuTapusi. KapaHTuH pacteHuii = 68
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B pesynbTaTe MOJEKYISIPHO-TEHETUUYECKUX UC-
cJIeJOBaHUY MOCEeIHUX JIET, TIOCBSIIEHHBIX (huore-
HUU PUOLUHU], ObLJIO BEISICHEHO, UTO SEVX, COBMECTHO
C MOHOTUIIMYECKUM pomom Corrachia Schaus, 1913
u3 Kocta-Puku, GuioreHeTUYECKU OJIMKe K PUOIU-
nugam Craporo Ceera, uem HoBoro (Wahlberg et al.,
2005; Espeland et al., 2015; Seraphim et al., 2018), uto
SIBUJIOCHh HEOXKUAAHHOCTDIO.

CorJyiacHO TIOCTIeAHUM JJaHHBIM, Styx u Corrachia
BMecTe ¢ pomamu Craporo CBera 06pa3yoT Tpuby
Nemeobiini B cocTaBe noacemerictBa Nemeobiinae
(Seraphim et al., 2018). K Styx Hau6oJiee 6JIU3KU POJIbI
Corrachia, Zemeros, Stiboges, Dodona, Takashia, Hamearis
u Polycaena. Bce oHU 00 beqUHEHBI B rpyIIry Nemeo-
biina (Seraphim et al., 2018). JIF0GOIIBITHO OTMETHUTD,
YTO OJAUH W3 HUX, MOHOTUIIMYECKUN pon Hamearis,
SIBJIIETCS €IUHCTBEHHBIM ITPEICTABUTENIEM CEMEM-
ctBa Riodinidae B EBpore. Ero equHCTBEHHBIN BUJ, —
Hamearis lucina (Linnaeus, 1758) (puc. 2) — BcTpeva-
eTCsI B TOM UMCJie U B eBpOIlelicKkol yacTu Poccuu,
a TakXxe, 10 HYXXJAIOMIUMCS B ITOATBEPXKIEHUU TaH-
HBIM, Ha lOxHOM VYpasne (KopuryHos, 2000; JIbBOB-
ckuit, 2019).

Ipyrvie puogUHUABI PACIIPOCTPaHEeHbl UCKIIIO-
yuTeJabHO B HoBoM CBeTe. OHM OTHOCATCSA K Tpube
Euselasiini momcemeiictBa Nemeobiinae, KoTopyio
ellle HeJaBHO paccMaTpUBaJIM KaK OTHeJbHOE IOI-
ceMmeticTBo Euselasiinae (Callaghan & Lamas, 2004;
Espeland et al., 2015), a TakXe K 1mojiceMelcTBy Rio-
dininae (puc. 3, 4, 6), coctaBnstouemMy 80% BCEX PUO-
IWHUJ 10 BUIOBOMY pazHoo6pasui. CUnuTaeTcs, 4To
pUOAUHUABI IPOUCXOLAT M3 TpoIuKOB HoBoro CeeTa
U YacThb 13 HUX paccenimyiack B CTapbiti CBeT uepes be-
puHruiickuii cyxomytHbsii MocT (Espeland et al., 2015).
[penxwu S. infernalis u Corrachia leucoplaga Schaus, 1913
MTPOHUKJIY 06paTHO B HOBBIN CBET IIPEIIONOXKUTED-
Ho B osimroiiere (Espeland et al., 2015).

S. infernalis — sameMuK Ilepy, pacrnpocTpaHeH
B AHzax Ha BeIicoTax 1000-1600 M HaZL ypOBHEM MOPH,
BCTPeYaeTCs BCEra JIOKAJIbHO, 00MTasd B IEPBUYHBIX
TYMaHHBIX Jiecax C YIIeJbsIMU, peKaMU C KPYyThIMU
CKJIOHAMH, BogonagzamMu u noporamu. Kak u C. leuco-
plaga, S. infernalis ntuTaeTcs pacTeHUSIMU pojia Myrsine
(Primulaceae) (Lamas, 2003; Nishida, 2010). PeiiTuHra
MeXIyHapOLHOTO CO03a OXPAaHBI ITPUPOII U IIPUPOT -
HBIX pecypcoB (MCOIT) He MMeEeT, XOTS CYUTAETCS YsI3-
BUMBIM (Brown, 1993). [11aBHO yIP030¥ BULY CIIYKUT
VHUUYTOXXEeHWE ero MecToo6uTaHul noj KogeiliHbie
u gpyrue niaaHTanuu. OCHOBHOM MePOU OXPaHbI S. in-
fernalis crielTnaIMCThI CYUTAIOT OOHAPYKEHUE ET0 I10-
MyJISIIIME 1 cOXpaHeHre MecT obutanus (Brown, 1993).

B 2016 r. corpynrukamu ®I'EY «BHNUVKP» B pe-
3yJbTaTe YHTOMOJIOTUYECKON dKcIenuiuu B Ilepy
ObLI IIOMMaH 1 caMelr 9Toro Buza (puc. 1). JIJoKaJIuTeT
MIPe/ICTaBJIeH Ha PUCYHKe 5. B IOCTYIIHBIX UCTOYHUKAX
0 MecTax IMouMok S. infernalis (Staudinger, 1876; Brown,
1993; Lamas et al., 1999; Lamas, 2003; Boldsystems,
2022; iNaturalist, 2022 u gp.) JaHHOM! TOYKY HE IPU-
BOJIMJIOCh.

HeckoJIbKO APYTUX BUJIOB ceEMeNCTBa PUOAUHU]
(momcemeticTBo Riodininae), cobpaHHbBIX HAMU B TOH XKe
JIOKAIUY, IIpeCcTaBJeHbl Ha PUCYHKAX 3, 4, 6. [laHHOe
MeCTO TIpeJicTaByisgeT cob60il TepBUYHBIN TyMaHHBIN
Jiec, HETIOJJaJIeKy OT KOTOPOT'O pacIiojiaratoTcs Kodeii-
HbI€e IIJIaHTalluN.

B nuTepaType NPUBOIATCSA pa3jinuHbIe CBelle-
Hus 06 o6pase )xu3Hu S. infernalis. Hampumep, B OGHUX

Riodinidae, with which R.K. Robbins agreed in 1988,
after examining the detailed structure of the legs of
Lycaenidae and Riodinidae using scanning electron
microscopy (Robbins, 1988). This was later confirmed
by molecular genetic data (Wahlberg et al., 2005).
K.S. Brown believed that S. infernalis is the most primi-
tive Riodinidae currently existing (Brown, 1993).

As aresult of recent molecular genetic studies on
Riodinidae phylogeny, it was found that Styx, together
with the monotypic genus Corrachia Schaus, 1913 from
Costa Rica, is phylogenetically closer to Old World than
New World Riodinidae (Wahlberg et al., 2005; Espe-
land et al., 2015; Seraphim et al., 2018), which was sur-
prise.

According to the latest data, Styx and Corrachia to-
gether with the genera of the Old World form the tribe
Nemeobiini in the subfamily Nemeobiinae (Seraphim
et al., 2018). The genera Corrachia, Zemeros, Stiboges,
Dodona, Takashia, Hamearis and Polycaena are the clos-
est to Styx. All of them are combined into the Nemeo-
biina group (Seraphim et al., 2018). It is interesting to
note that one of them, the monotypic genus Hamearis, is
the only representative of the family Riodinidae in Eu-
rope. Its only species — Hamearis lucina (Linnaeus, 1758)
(Fig. 2) —also occurs in the European part of Russia, and
also, according to data that needs to be confirmed, in
the Southern Urals (Korshunov, 2000; Lvovsky, 2019).

Other Riodinidae are distributed exclusively in the
New World. They belong to the tribe Euselasiini of the
subfamily Nemeobiinae, which until recently was con-
sidered as a separate subfamily of Euselasiinae (Cal-
laghan & Lamas, 2004; Espeland et al., 2015), as well as
to the subfamily Riodininae (Fig. 3, 4, 6), constituting
80% of all Riodinidae by species diversity. It is believed
that Riodinidae originate from the tropics of the New
World and some of them settled in the Old World through
the Bering land bridge (Espeland et al., 2015). The an-
cestors of S. infernalis and Corrachia leucoplaga Schaus,
1913 were introduced back into the New World, presum-
ably in the Oligocene (Espeland et al., 2015).

ferpnrpnERrRRLRRIIRN]

Puc. 4. Ancyluris meliboeus  Fig. 4. Ancyluris meliboeus
(Fabricius, 1777). Nepy, (Fabricius, 1777).
npoBuHuma Catnno Peru, Satipo Province
(aHTOMONOrMUECKUi (FGBU “VNIIKR”

thoHa PrBY «BHUNKP») Entomological Fund)
(choTo HO.A. NoBLOBOW) (photo by J.A. Lovtsova)
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Puc. 5. Mecto noumku S. infernalis. MposuHuus Catuno,  Fig. 5. S. infernalis collection site. Satipo province, Pampa Hermosa
pavioH Mamna-3pmoca, Bogonap lannuto-ge-nac-Pokac  region, Gallito de las Rocas waterfall in the vicinity of the village

B OKpecTHOCTAX AepeBHM CaH-AHTOHMO Ha BbiCcOTe
1400 M Hap, ypoBHeM mops (choTo A.H. KoBaneHko)

UCTOYHUKAX YKA3bIBAETCS, YTO OH aKTUBEH OKOJIO T10-
JIyIHS, Ha COJTHEYHBIX yyacTkax (Brown, 1993). Iipy-
T¥e Xe aBTOPbI YKA3bIBAIOT HA MPEJII0JIOKUTEIbHO
HOUYHOM obpas u3HU: Tak, b. [Tepcep cOOOIIUI, UYTO
sTa 6abouka rmpuieTesia K HEMY Ha B3KpaH BO BpPeMs
JIoBa Ha cBeT B 9 uacoB Beuepa (Purser, 2007). Hamu
S. infernalis 6pL1 TOVIMaH B CyMepKax, CUASAIINM Y KPOM-
K{ PEYHOU BOABI PALOM C BOILOITAZIOM.

Co6paHHbIF 9K3eMILIAP ObLI JeTTOHNPOBAH B DH-
ToMmoJioruueckuii poun GTBY «BHUVKP»,

3AKJIOYEHUE
[ToMeleHHbIN B KOJIJIEKIIMI0 DHTOMOJIOTUYECKOTO
honga ®TBY «BHUUKP» S. infernalis iBnsieTcss OqHUM
U3 HEMHOTUX 9K3eMIUISIPOB 3TOM YHUKAIbHOM 6a60UKY,

Puc. 6. Baeotis bacaenis
Hewitson, 1874 B npupope. Hewitson, 1874 in nature.
Mepy, npoBuHLMa Catnno Peru, Satipo province (photo

Fig. 6. Baeotis bacaenis

(hoto M.T. KoBaneHko) by M.G. Kovalenko)

of San Antonio at an altitude of 1400 m above sea level
(photo by Ya.N. Kovalenko)

S. infernalis is endemic to Peru, distributed in the
Andes at an altitude of 1000-1600 m above sea level,
always found locally, living in primary foggy forests
with gorges, steep-sided rivers, waterfalls and rap-
ids. Like C. leucoplaga, S. infernalis feeds on plants of the
genus Myrsine (Primulaceae) (Lamas, 2003; Nishida,
2010). It is not rated by the International Union for the
Conservation of Nature and Natural Resources (IUCN),
although it is considered vulnerable (Brown, 1993). The
main threat to the species is the destruction of its habi-
tats for coffee and other plantations. Experts consider
the detection of its populations and the conservation
of habitats to be the main measure for the protection
of S. infernalis (Brown, 1993).

In 2016, as a result of an entomological expedition
to Peru, FGBU “VNIIKR” specialists collected 1 male
of this species (Fig. 1). The locality is shown in Fig. 5.
This point was not given in the available sources about
the places of captures of S infernalis (Staudinger, 1876;
Brown, 1993; Lamas et al., 1999; Lamas, 2003; Boldsys-
tems, 2022; iNaturalist, 2022, etc.).

Several other species of the Riodinidae family (sub-
family Riodininae), collected by us in the same location,
are shown in Fig. 3, 4, 6. This place is a primary foggy
forest, not far from which coffee plantations are located.

The literature provides various data on the life-
style of S. infernalis. For example, some sources indicate
that it is active around noon, in sunny areas (Brown,
1993). Other authors point to a presumably nocturnal
lifestyle: for example, B. Purser reported that this but-
terfly flew to his screen while catching by light at 9 pm
(Purser, 2007). We collected S. infernalis at dusk, sitting
at the edge of the river water next to the waterfall.

The collected specimen was deposited in the
FGBU “VNIIKR” Entomological Fund.

CONCLUSION
Deposited in the FGBU “VNIIKR” Entomological Fund,
S. infernalis is one of the few specimens of this unique
butterfly in Russian collections and can be used for
morphological and molecular genetic studies by Rus-
sian scientists.
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XpaHAmuxcsa B Poccuu, 1 MOXET OBITH UCITOIb30BaH
ILJ1sI MOP(OJTIOTUYECKUX U MOJIEKYJITPHO-TEHETUYECKIX
KCCJIeIOBAHUY POCCUNCKUMY YUYEHBIMU.

Bnazodaprocms. ABTOPHI BRIPAXAIOT TIIYOOKYIO
6yaromapHocTb B.B. zepckomy (ITepy, CaTuo) 3a co-
IelicTBYE B IIPOBENEHUY SHTOMOJOIMYECKON DKCIIe-
JUIMU 1 32 TIOMOIIb B UAeHTU(MUKAIIMY COOPaHHOT0
MaTepuasia, a Takxke A.B. CBupu10By (300JI0TUYECKU T
My3seit MI'Y) 3a mpefocTaBieHre HeO6XOUMOTO MaTe-
puana u M.A. FOmakoBy 3a KOHCYJIbTAlIUU.
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Pepakuunsa xypHana «PutocaHu-
Tapusi. KapaHTuH pacTteHuin» paga
npeanoXunTb BaM BO3MOXHOCTb
nybnunkaLmm Balimx cTaTein Ha cTpa-
HUUAX XypHana. Hawa uenb — npu-
B/leYeHne BHMUMaHusa K Hanbonee
aKTyanbHbIM NpobsemMam KapaHTu-
Ha pacTeHUI CneunannucToB Cefb-
CKOr0 X035ICTBA M BCEX 3aUHTepe-
COBaHHbIX B 3TOM JIOAEN.

B »kypHane paccmaTtpuBaroTcs
OCHOBHbI€ HanpaBfeHUs PasBUTUS
HayKu 1 NepenoBoro onbiTa B 0bna-
CTU KapaHTMHA 1 3aLLUTbl PaCTEHWN,
nybnvkyeTcs BaxkHas MH(hopMaLLms
0 HOBbIX MeTodax U CpeacTBax,
npuMmeHsaeMmbIx Kak B Poccum, Tak
1 3a pybexom, a Takxe o hutoca-
HUTAPHOM COCTOSIHUW TEPPUTOPUM
Poccuiickon depepauun.

Mbl LOHOCUM [0 LMPOKOro
Kpyra untateneh 06bEeKTUBHYHO
Hay4YHO-MPOCBETUTENbCKYH U aHa-
JINTUYECKYHO MH(OPMAaLNIO: MHEHUS
BeAyLLMX CreunanmcToB no Hanbo-
Jlee NpUHUMNManbHbIM BOMpocam
KapaHTMHa pacTeHWl, OaHHble
0 3HAYMMbIX HOBENLLINX 3apybex-
HbIX M OTeYeCTBEHHbIX UCC/lef0Ba-
HUAX, MaTepuanbl TeMaTUYeCKNX
KOHthepeHL M.

Pepakuuns xxypHana «®duto-
caHuTapusa. KapaHTuH pacTeHumn»
npurnawaeTr K COTPYLHWUYECTBY
KaK BblOAKOLLMXCS OedaTenen HayKu,
TaK U MONOAbIX YYeHbIX, cneLna-
JINCTOB-MPAaKTUKOB, paboTaroLimx
B obnactu utocaHuTapuu, ons
obmeHa onbiToM, obecneveHus
yCTONYMBOro (hUTOCAHUTAPHOrO
6narononyyunst U Ans HOBbIX Hayu-
HbIX AMCKYCCUN.

3A0A4YU XXYPHAJA

* /I3yyeHne OCHOBHbIX TEHAEHLMI PAa3BUTUA HAYKM B 0611aCTU KapaHTUHA PacTEHNI

« AHanM3 LWMPOKOro Kpyra nepenoBbiX TEXHONOrMI B 061aCTU MOHUTOPMHIa
1 N1abopaTopHbIX UCCER0BAHNUI MO KAPAHTUHY PaCcTeHUI

« O6CyxKaeHWe akTyasbHbIX BOMPOCOB KapaHTMHA PpacTeHMi

OBUWLME TPEBOBAHUA K NPEOOCTABJIAEMbIM CTATbAM

K nybnvkauuy npMHUMatoTCs CTaTbU Ha ABYX S3blKax: PYCCKOM M aHIIMNCKOM, CO-
Lepaline pesynbraTbl COBCTBEHHbIX HayYHbIX MccnenoBaHuin, obbemMom o 15 ctpa-
HWLL, HO He MeHee 3 (Mpu ogUHApPHOM MHTEpBase 1 pasMepe WpudTa 12). ONTUManbHbIN
06bem ctatbm — o1 1500 cnos. Ctatbm 6onbLiero o6bema MoryT H6bITb MPUHATLI MO corna-
COBaHUIO C pefaKLmen xypHana.

CTPYKTYPA NPEOOCTABJISEMOM CTATbU*

1. VIK, Ha3BaHue cTaTbu.

2. MHnumanel, hamunvsg aBTopa.

3. MecTo paboTbl aBTOpa, ropoa, ctpaHa, ORCID ID, agpec 3f1eKTPOHHOM NoYThbl.

4. AHHOTauuMa (KpaTKoe TOUHOE U3MOXKEeHMe CoaepKaHMsa CTaTbu, BKtOUatoLLee
thakTmMueckme cBeneHnsa U BbIBOAbI OnuncbiBaemMon paboTsl): 200—250 cnoB., Ho He 6onee
2000 3HakoB c npobenamu.

5. Kntouesble crosa (5—10 cnoB, cioBocoYeTaHuin), Hanbonee ToOUHO oTobpaxkato-
Lwne cneundurKky crtatbu.

6. BBegeHue.

7. Matepuasibl U METOAbI.

8. PesynbTathl U 06CyKOeHNS.

9. BbiBOAbI/3aKNtOYEHME.,

10. Cnucok nutepaTypbl (T. . CMUCOK BCEWN MCMONb30BAHHOW NUTEPATYPbI, CCbIIKM
Ha KOTOPYIO AATCS B CAaMOM TEKCTe CTaTbM): MpaBuia COCTaBEHMS HANpPaBAsSoTCS aB-
TOPY MO 3anpocy.

11. MHdopmaums 06 aBTopax: NPUBOANUTCS NOMHAS MHOPMAaLLMS O KaXXgoM U3 aB-
TopoB (MecTo paboThbl, ropof, cTpaHa, ORCID ID, agpec aNeKTPOHHOW NMoYThl).

12. inntocTpaTrBHble MaTepuanbl (hoTorpadumm, pUCyHKM) LOMYCKAKTCSH XOPOLLEN
KOHTPACTHOCTK, C paspeLlieHneM He Hke 300 Touek Ha awonm (300 dpi), opurnHabl
NPVKNaAblBalOTCA K CTaTbe OTAeNbHbIMU hainamu B hopmare .tiff unu .jpeg (unntoctpa-
LMK, He cooTBeTCTBYHOWME TpeboBaHNSAM, ByayT NCKIOUYEHbI U3 CTaTel, MOCKOJIbKY A0-
CTOMHOE UX BoCcnpou3BeeHue Tunorpadckm cnocobom HeBo3MOXHO0). Heobxoonumo
yKasaTb aBTOPCTBO Kaxaou thotorpacmm (®. U. O. hoTorpada mnm ccoiky).

13. B pepakumto HeobxoaMMo NpefocTaBUTb ABE PEeLEH3UN Ha cTaTblo («BHELL-
HIOH0» U «BHYTPEHHIOD»).

* B TakoM e nopsioke U CTPYKType npedoCcTas/sieTcsl AHr/1053bi4HbIli hepeBod CTaTbU.

PaboTa pnonxHa 6biTb NnpepgocTaBneHa B pegaktope WORD, dopmat DOC, wpudt
Times New Roman, pasmep wpudra — 12, MEXCTPOUHbIN MHTEpPBaN — OAMHAPHbIN, Pa3-
Mep nosiel no 2 cM, oTCTyn B Havyane absaua 1 cMm, hhopmMaTmMpoBaHume Mo WwupuHe. Pu-
CYHKM, Tabnuubl, CXeMbl, rpaduKm 1 Np. [OMXKHbI 6bITb 06583aTENBHO NPOHYMEPOBaHbI,
MMEeTb UCTOYHUKM 1 MOMELLATbCA Ha MeYaTHOM Mnose CTpaHuubl. HasBaHve Tabnuubl —
Hapn Tabnvuen; HasBaHWe pUCyHKa/rpacmKka — NoL pUCyHKOM/rpadinKoM.

BOJIEE NOAPOEHbIE YCJIOBUA NYBNNKALUU CTATEW Bbl MOXKETE
Y3HATb B HALUEW PEOAKLNN:

Appec: 140150, Poccus, MockoBckas obnacTb, r. PameHckoe,

p. n. BoikoBo, yn. [orpaHnyHas, g. 32

KoHTakTHOE nuuo: 3nHoBbeBa CBeTnaHa leoprnesHa

TenedoH: 8 (499) 707-22-27, e-mail: zinoveva-s@mail.ru



denepajibHOE roCyIapCTBEHHOE
OIOI’KETHOE yUpe:KIeHue
«BcepoccUMCKUH IIEHTP KapaHTHHA
pactenuii» (PIrbBY « BHUUKP»)

— Hay4yHoe 1 MeToguyeckoe obecneveHue
neatenbHocTu PoccenbxosHag3opa,
ero TeppuTopUanbHbIX yNpaBsieHUi
n nogBegoMCTBEHHbIX eMy
yupexaeHuii B chepe KapaHTUHA
M 3aLUTbI pacTeHUM

— YcTaHoBneHue KapaHTUHHOrO
(hUTOCAaHMTAPHOrO COCTOAHMS
noAKapaHTUHHbBIX MaTepuanos
n TeppuTopun Poccuinckoin Gepepaumum
nyTeM NpoBeAeHUs nabopaTopHbIX
3KCMEPTU3 U MOHUTOPUHIOB

= HayuHoe CoTpyaHU4YecTBO
C HaUWOHaJbHbIMU
N MeXOyHapoOHbIMM
opraHusauusaMu B obnactu
KapaHTUHA pacTeHui

Bepyuiee yupexxkaeHue B Poccuiickon depepaumm no CUHTE3Y U NPUMEHEHUIO
thepoOMOHOB AN19 BbIIBNIEHUS KapaHTUHHBIX U HEKapaHTUHHbIX BpeguTene
1 60pbbbl C HUMMK

OreyY «<BHUMKP» — napTHep MexayHapogHoM NporpaMMbl N0 KOOpAUHaLUU
Hay4HbIX UccnepoBaHuin B obnactn kapaHTMHa pacteHuin EUPHRESCO 11
(EUropean PHytosanitary RESearch COordination)

B ®rbY «BHUUKP» co3paH u nenctsyet TeEXHUUECKUIN KOMUTET
no ctaHgapTusaumm TK 42 «KapaHTWH U 3aWuMTa pacTeHnn»

Bepnyluee Hay4yHO-MeTOANYECKOE YUpexxaeHue B cocTaBe KoopanHaUMoHHOro
CoBeTa No KapaHTUHY PacTeHUI rocyaapcTe — y4acTHUKOB CHI

19 hunnanos Ha TeppuTopun Poccunckon Mepepauym

[onoBHOE Hay4yHO-MeTogu4YecKoe yupexageHue no peanmsauum MNnaHa
nepBoo4yepenHbIX MepOI'IpVIHTMl‘;I, HanpaBJZiIeHHbIX HAa rapMOHU3aLU0
KapaHTUHHbIX (PUTOCAHUTAPHbIX MEP rOCyAapcTB — YieHoB TaMOXXEHHOro coto3a

140150, Poccus,
MockoBcKkag 00J1aCTh,

r. PaMeHCKOg€, p. I1. BEIKOBO,
yii. [TorparuuHagd, g. 32

Te./daxc:
8 (499) 707-22-27

e-mail: office@vniikr.ru
http://www.vniikr.ru



